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Foreword 
BY 


ERNEST L. JACOBS, 


Chairman of the Sub-Committees of Classification. 


Mr. Sladden has favoured me with a preview of the Paper which 
follows. I have read it carefully and critically and feel that you have 
a very clear exposition of what happens to your Reports and of the reasons 
why such full details are required, Yet I have one little bone to pick 
with him, and that is the reference he makes on page 4 to the cases with 
which IT am ealled upon to deal. In my humble judgment, no report is, 
to use his phrase, “of lesser import,” and I consider that the seemingly 
simple BS is as important as the troublesome case that waves its own flag |. 
Actually Mr. Sladden and his assistants, both on the Reports side and the 
Clerical, treat them with equal attention. And I may add another remark 
to our Outport Surveyors: Mind your verbiage, for you would be surprised 


how the Classing Committee pounce on any equivocation, and a “why and 
how” results, 


You are going to listen to an excellent lecture upon which both you 
and Mr. Sladden are to be congratulated. 


1) iach an “ i 


CLASSIFICATION PROCEDURE 


BY 


R. J. SLADDEN, Clerk to the Sub-Committees of Classification. 


HOW IT WAS BORN 


of Classification, expressed his dislike of 
the word “classification” far as its 
application to the work of Lloyd’s Register is 
concerned. Today, there are good grounds for 
his objection, as we legislate only for the Al 
standard; but the Society’s early history shows 
that the word was aptly descriptive of the 
operations of the Old Underwriters’ Registry 
at its inception in the latter half of the 18th 
century. 

At that time, the small band of Underwriters 
issuing their Register of ships were concerned 
only with circulating such information as they 
could glean of the general condition of the vessels 
in which their Subscribers were interested. The 
few Surveyors they employed did, in fact, 
“classify” the ships they surveyed. But they 
classified them with no Rules or standard to guide 
them, and the first three classes ever instituted, 
G, M and B (Good, Middling and Bad) were 
inserted in the early Registers solely at the 
dictates of the Surveyors, whose remuneration 
was dependent upon the small flat rate per ship 
paid them for this service. 


[° a recent lecture, Mr. Jacobs, our Chairman 
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Small wonder is it that this early system of 
classification, which was so unsound in its basis, 
failed to command general respect. The Ship- 
owners instituted a rival Register, and the 
competition for patronage which ensued soon 
brought both Books into disrepute. 

It was left to a far-seeing Shipowner, Mr. 
John Marshall, to suggest the remedy. He 
boldly advocated radical changes in the entire 
organisation and administration of the Registries. 
He attacked the governing Committees as being 
“self-elected and wholly irresponsible” and was 
even more severe in his disapproval of the 
decisions of the Surveyors being “ uncontrolled 
and final”. Far from being merely destructive 


in criticism, he was so constructive in ideas that 
the main principles of ship classification, as 
we know them today, were conceived by him and 
caused great stir and controversy in London 
shipping circles y." n put before public meetings 
in 1824. 


Mr. Marshall, however, suffered the usual fate 
of a pioneer in that his proposals met with but 
lukewarm reception, and it was not until ten 
years later, when both rival Books were on the 
verge of bankruptcy, that a Joint Committee of 
Shipowners and Underwriters, called together by 
the Committee of Lloyd’s, at long last adopted 
what was practically his original scheme of 
equitable administration. 


At the Re-constitution of the Society in 1834, 
the assignment of classification to a ship was 
placed in the hands of Committee of Management 
to whom the Surveyors, appointed by them in 
exclusive Service, were required to forward 
reports of ships they surveyed. This was indeed 
a far-reaching change of practice. Hitherto 
the Surveyors, who were not servants of the 
Society at all, had assigned classes to vessels they 
themselves had surveyed. Now the responsibility 
was transferred to an elected and honorary 
Committee of Management, representative of 
the various sections comprising the Shipping 
Community. Thus was laid the foundation 
stone of the democratic self-government of the 
mercantile marine, which has no counterpart in 
any other industry, and which is still carried 
on, in what we consider its purest form, by 
Lloyd’s Register at the present day. 


It is true that, in those early days, there were 
very few Rules governing either construction or 
maintenance. Shipbuilders were, in the main, 
left to their own devices, and Special Survey 
during constreetion, as we know it today, was 
still to come. In other directions though, 
important changes were made. 


Owners were called upon, for the first time, 
to support the newly-formed Register by paying 
fees for surveys, which included charges for 
first entry in the Register Book, the registration 
of a notation of “repairs”, one for the issue of 
a certificate and another for the entry of a 
change of Ownership. These charges, although 
afterwards reduced, did not finally disappear 
until 1944 when the sole survivor, the first entry 
fee, was dropped. They more than once 
threatened the Society in legal proeceedings— 
especially the “change of Owners” idea—as_ the 


Committee did not hesitate to use their power, 


of withdrawing class if such fees were not paid. 
Imagine the indignation of an Owner today if, 
on buying a classed vessel for £200,000, her class 
were threatened if he did not immediately pay 
another 10/- for registration of change of 
Ownership in the Register Book! 


The Committee of Management nominated 
Sub-Committees from their’ number, one for the 
appointment of Surveyors and another for the 
assignment of classification. The latter met 
at least twice a week under their own elected 
Chairman, in a manner precisely similar to that 
which obtains today. Moreover, arrangements 
were instituted whereby every report received 
from the Surveyors both in London and Outports 
was checked by the Principal Survevors at 
Head Office before submission to the Classing 
Committee; and there is ample evidence in the 
first Minute Book that the Sub-Committee 
members regarded their duties as a sacred trust 
and that their scrutiny was far from perfunctory. 
What you now know as Classing Letters were 
introduced almost at once, for at the first meeting 
jn October, 1834, the following minutes were 
recorded :— 


Report No. 1. “UNDAUNTED”. As 
recommended. 


Report No. 2. “MARIA CECILIA”. As 
recommended. It is considered 
that Mr. Bayley (the Principal 
Surveyor in London) should re- 
survey this vessel without any 
further charge. 

Report No. 3. “FAVORITE”. Before 
consideration, the Surveyor should 
state whether, in his opinion, she 


is fit to carry a cargo not liable 
to sea damage on long voyages, 
or only on short voyages. 


Report No. 4. “ELIZABETH”. As 


recommended. 
Reports Nos. 5 & 6 “THOMAS 
WALLACE” & “ORELIA”. 


Before consideration, the Sur- 
veyors should make it clear 
whether the ships are engaged 
on long or short voyages. 


HOW IT WORKS TO-DAY. 


Tye WHYS AND THE WHEREFORES. 


It is not within the scope of this paper to 
comment upon the evolution of our present Rules 
and Regulations, except to stress that they are 
framed as a standard of best practice and to 
guide the Surveyors in carrying out surveys; 
and that they are kept up-to-date in the light 
of experience gained during those surveys. It 
remains, however, the responsibility of the 
Committee to give decision upon any departures 
from those Rules, be it a technical point or an 
extension desired beyond the periods of grace 
normally allowed for Periodical Surveys. The 
Committee are, of course, guided by the Chief 
Surveyors on the technical aspect, but deal with 
matters of policy and applications for survey 
postponement within 
discretion. In this way, Shipowners are judged 
by their own elected representatives, to whom 
every proposal is submitted, either to a full 
Classing Committee, or’ if of lesser import. 
to the Chairman of Classification in 
attendance. 


entirely their own 


daily 


We know that every Surveyor cannot be 
familiar with the present procedure at Head 
Office by which these traditional principles are 
maintained, particularly if he has been appointed 
abroad, or if, as is only too common in these 
hectie days of staff shortages, his London Office 
experience is confined to those few short weeks 
preceding outport appointment. _ 

He is instructed by the Rules to survey ships 
and their machinery in a certain way, and at 
certain specified times. He is required by the 


“Ynstructions to Surveyors” and by eireulars to 
report these surveys in a certain manner and on 
certain forms; but as these instructions are 
legion and have aceumulated over more than 100 
years, there is a great deal for him to learn and 
memorise. He soon discovers that his job does 
not end when he has finished survey work, and, 
when writing reports, often must wish in his 
heart that he could summarise the results of his 
inspections by a few laconic words to the effect 
that “all the Rule requirements of a Special 
Survey have been complied with and the repairs 
considered necessary have been carried out to my 
satisfaction and under my supervision”. It is 
my hope to explain why this dream is Utopian 
and to give such assurance as is within my scope 
that the existing procedure of classification is, in 
every step, vital in maintaining that tradition 
of Committee management which has brought 
the Society from what was virtually a London 
Register of Ships to one of international repute, 
respected alike for its integrity and impartiality, 
for its accumulation of facts and for the use to 
which these facts are put both in Rule revision 
and commercial adjustment. 


Short euts in reporting surveys such as that 
referred to above would, of course, preclude the 
Chief Surveyors from giving the requisite 
assurance to the Classing Committee that the 
Special Survey requirements had in facet been 
carried out in full. Nor would there be any 
documentary evidence on file that specifie parts 
of the ship had been inspected and passed at the 
time of survey. Omission to detail the repairs 
recommended and effected would preclude the 
accumulation of facts vital in research and to 
average adjustment. 


OFFICE ROUTINE. 


To a fuller appreciation of this, let us see 
what happens to your reports when they reach 
Head Office. The procedure there is, if I may 
say so, a happy blend of technical and clerical 
staff work. 

In the first place, it is the duty of my clerical 
colleagues to ensure that every Owner of a 
classed ship is given timely notice of surveys 
becoming due, and to pursue the matter by 
correspondence until definite arrangements for 


survey have been made. The Survey held and 
the reports to hand, it is their duty to ensure 
that they are all submitted to the Classing~ 
Committee, after checking and noting by the 
Chief Surveyors’ Staffs in what are generally 
known as the Reports Departments—the Ship 
Reports Department at present under Mr, C. A. 
Millar and the Engine Reports Department 
under Mr. L. H. F. Young. The duties of these 
Technical Departments are to check all reports 
to ensure that Rule requirements have been 
carried out, to prepare what is known as an 
“endorsement” on each case for submission to 
the Classing Committee, and to refer to the 
Chief Surveyors any cases of unusual interest 
or damage which might have bearing on Rule 
revision. 
A typical “endorsement” will be found at the 
end of this Paper. Please note the polite note 
at the top to the effect that— 
“The remarks of the Chief Ship (or 
Chief Engineer) Surveyor are desired 
on this ease for the consideration of 
the Classing Committee” 

and the instructions which follow— 


“The endorsement to contain a succinct 
summary of any repairs that have been 
required and to show the cause or causes 
of such repairs; and also to bring out 
clearly any exceptional features in 
connection with the ease, so that the 
Classing Committee may have all salient 
points presented in the endorsement”— 
(Extract from Sub-Committee’s Report, 
24/5/92). 

From it, you will see that it includes a note 
of the previous conditions of elass, a precis of 
the work done and/or the survey held, a note 
of any special items and finally the Department’s 
recommendation to the Classing Committee of 
the action to be taken and any new records they 
consider worthy of assignment in the Register 
Book. 

At the foot, there is only too often detailed 
some query or ominous “conclusion”, which in 
effect signifies that the Surveyor has failed to 
make certain points clear in his report. 

At first glance one may be inclined to the 
view that there is a lot of unnecessary repetition 


in preparing an endorsement for each report. 
The answer to this is that it is essential that 
' the endorsement on the top report should set 
forth a complete and up-to-date history of the 
case and that the time thus spent is far less 
than would be necessary if we had to search 
through all the back reports to find out exactly 
how the ease stood. 


It is now London practice to attach the 
up-to-date endorsement to deferred reports when 
they are sent to Outports for the Surveyors’ 
information, but care should always be taken 
to make sure that the endorsement has been 
agreed to by the Classing Committee. This can 
be checked by the appropriate Minute at the 
foot of the report. 


THE PatuH oF A REPORT (See skefch on back page.) 


The preparation of reports for submission 
to the Classing Committee involves many tasks 
in which every member of the Classification 
Departments plays his part. When your report 
is received in the London Office, it is stamped 


with the date of receipt, and the fees noted © 


thereon are entered in the Debit Books by the 
Accounts Department for checking against your 
financial returns. 

From the Accounts Room they are passed on 
to what is known as the H. Department (H 
standing for Hill, the original Head), who are 
the custodians of all live, or as we call them, 
deferred reports. In these days of repair 
stringency, practically every classed ship has 
outstanding qualifications of class, which means 
that they have to be kept as “deferred” cases. 
Imagine therefore a room littered with some- 
thing like 6,000 bundles of reports of varying 
thickness, and the unenviable task of tracing 
just the one that is required! Every batch, 
however, is kept in strict alphabetical order, and 
there is a guidebook to assist in the search, to 
wit the “Annotated”, which is a_ sectional 
Register Book enlarged to permit of notes being 
added in ruled spaces at the side of each vessel’s 
name. Therein will be found entries of reports 
previously received, notes of vessels previously 
entered *n your returns of “Vessels under 
Survey” and other markings which, in the eyes 
of an experienced clerk, will enable him to trace 


the case he wants. Long training, preferably 
allied to a bump of intuition, is essential for 
this task, as deferred reports are in constant 
circulation, not only at Outports, but throughout 
Head Office, where the daily mail bag often 
brings up to 100 letters dealing with classification 
alone. 


Having traced the deferred reports, having 
attached them to the new report received and 
having noted its particulars in the “Annotated” 
Book, the “H” Department still have another 
routine, but very essential, job to do, and that is 
to check the heading on the new report. For 
subsequent phases of procedure, this heading 
must be up-to-date, and as this is not always 
possible at Outports, it has to be done in London. 


This completed, the report is now ready for 
endorsement by the Surveyors. For this purpose 
it is passed on the “S” Department (short for 
Seott—Sir Andrew—its original Head), whose 
job it is to ensure that all reports received are 
submitted to the Classing Committee in proper 
form. Your Ltr. 5 forms the basis of a check 
to see that none is missed or mislaid. The 
reports are checked into, and back from, the 
Ship and Engine Reports Departments, and are 
then scrutinised by Principal and Senior Clerks, 
who are entrusted with the job of “minuting” 
them, i.e., anticipating the Committee’s decision 
in the assignment of records for Register Book 
entry, so as to save time during the meeting 
itself. They have to co-relate the machinery to 
the hull so far as inter-dependence is concerned, 
and have to be experts in procedure and 
precedent. Consisteney of practice being an 
essential, any case forming a precedent has to be 
specially noted and borne in mind, and it is their 
responsibility to decide whether a report is of 
sufficient interest or import to be submitted to 
a full meeting of the Classing Committee, or 
whether it may be regarded as a routine case 
and be submitted to the Chairman of Classi- 
fication. These routine cases, in which surveys 
are held in accordance with the Rules and which 
form the bulk of the reports received, are dealt 
with by the Chairman of Classification on his 
own, and it is only those of outstanding interest 
and eases in which there has been any departure 
from established practice, or where special 


postponement is desired beyond the period of 
grace normally allowed, that are submitted to a 
full Sub-Committee which now meets every Friday. 
It comprises usually about half a dozen members, 
who sit under their appointed Chairman of 
Classification. | Having been in attendance at 
nearly a thousand of these Meetings during the 
past eleven years, I can assure you that the 
Members are very much alive to their responsi- 
bilities and take the keenest interest in the many 
and varied problems which are referred to them 
for decision. 


The meeting of the Sub-Committee over, 
Office procedure now starts in reverse. The 
“S” Department, prompted by the Clerk to the 
Classification Committee, advise Owners of the 
decisions arrived at, and are trained to do so in a 
manner once aptly deseribed by Dr. Montgomerie 
as “the iron hand in the velvet glove”. We are 
very jealous of our traditional standard of 
correspondence in this respect, and resist appre- 
hensively the occasional attempts made to lower 
it to the more mundane level which passes for 
business correspondence in some quarters today. 
Surveyors, too, are advised of Committee 
decisions by classing letter, in which we ask 
questions raised and pass on any mild reproofs 
administered by the Reports Departments or the 
Classing Committee. (In Mr. Jacobs’ own 
words—a “Why and How”). 

This done, the reports are required by other 
Departments—official certificates are written by 
the “C” Department; lists have to be prepared 
by the C.0O. (Change of Owners) Department, for 
the Printing House to ensure correct entry of all 
records assigned by the Committee into the 
Posted Register Books and in the Supplements 
to the Unposted Books; all changes in quali- 
fications of class have to be noted by the “H” 
Department for the Special Reasons List, which, 
through war expediency, has now assumed such 
alarming proportions. We are only too conscious 
of the fact that the information given therein 
is often out-of-date by the time it reaches distant 
Outports, but paper control will not yet admit 
of a return to our pre-war fortnightly issues. 

All these tasks, enlinked one with the other, 
take time and necessitate the constant cireulation 
of reports around the Office, but they finally 


come home to roost once more in the “H” 
Department, where those which still have out- 
standing items for attention are returned to their 
alphabetical order to await fresh reports, whilst 
those which have been cleared up are sent to our 
strong rooms in the basement, there to be filed 
in their appropriate boxes along with the First 
Entry Reports, plans and subsequent reports 
which form the ship’s history— a separate box 
for each ship. 

Before any deferred report is filed away in 
the “H” Department, however, it is diaried to be 
brought out for attention on a certain date. 
For instance, if the latest report relates to a 
partial Boiler Survey and the Committee have 
approved the Owners’ proposal to complete it 
within three months, the case is diaried for 
attention a few weeks before the expiry of that 
period. It is extracted from the files at that 
time for a polite reminder to be sent to the 
Owners in sufficient time for them to arrange 
due compliance. 


First Entry Reports. 

So far I have referred only to reports of 
surveys on ships already classed. First Entry 
Reports of survey during construction and 
first classification are subjected to similar 
procedure, but at the hands of the Drawing 


‘ Office (D.O.) who are responsible for their sub- 


mission to the Classing Committee and for 
the issue of the original certificate of class, 
which by time-honoured custom, ineludes a 
midship section. The reports themselves are 
checked with the approved plans in the Ship and 
Engine Reports Departments before endorsement. 


YACHTS. 

Reports on Yachts, be they First Entry or 
Repair Reports, are shepherded to the Classing 
Committee by a special Yacht Section of the 
“S” Department. 


REPORTS SUBMITTED TO BRANCH COMMITTEES. 
As you are all no doubt aware reports of 
surveys held in Liverpool, the Clyde and in the 
United States are dealt with by the Liverpool, 
Glasgow and American Committees of the 
Society. On receipt at Head Office they go the 
rounds through the Classification and Reports 


Departments before the minutes of the respective 
Committees are confirmed by the Chairman of 
the Society. In this way, the records in the 
Annotated Books, Register Book and Special 
Reasons List are properly revised and certificates 
are issued where required. 


FREEBOARD REPORTS. 

We have specialised Departments, both sur- 
veying and clerical (Initial F), dealing in toto 
with Freeboard Reports, which are not submitted 
to the Classing Committee exeept in cases of 
original assignment and of postponement of 
Annual Survey beyond the three months per- 
mitted by Regulations. , 

The Booklet recently issued with Cireular No. 
1861 forms a most valuable guide in the survey of 
ships for Freeboard Assignment and subsequent 
Periodical and Renewal Surveys, and its close 
study is commended. 


SYNCHRONISATION OF CLASSIFICATION 
anpd Loap Line SURVEYS. 

Whilst on this point I would refer to the 
close watch that, at the Committee’s instigation, 
is kept on the synchronisation of classification 
and load line surveys both as regards the issue 
of combined survey notices and the periods of 
validity assigned. 

During the war the need for reducing 
stoppages of ships for submission to surveys 
led to the formation of a liaison Department 
(H & F) whose function was _ to promote 
synchronisation so that all annual inspections 
might be carried out at one time. It proved 
I think of great benefit to Shipowners. You 
will notice that in the recent circular dealing 
with the resumption of Special Surveys, . the 
Committee have laid down that the validity of 
a Load Line certificate must not, in any cireum- 
stances, extend beyond the period for which the 
¢lass of a vessel is valid. The reason for this 
is that as classification and load line surveys 
have a common basis, i.e., the maintenance of a 
ship’s standard of strength and seaworthiness, 
the Committee are now that the 
respective periods of validity should coincide. 


insisting 


Facts anD FIGURES. 
On an average, nearly 500 reports per week 
are dealt with in this manner, and nearly two- 
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thirds of them relate to surveys held on both 
hull and machinery. The procedure, built up 
as the result of experience gained throughout 
the long period of the Society’s activities, 
cannot be short-circuited if it is to retain 
maximum efficiency. When mistakes or omissions 
occur, we invariably find that the routine has 
slipped a cog, and that it is not the fault of 
the system, but of the human element working it. 
With all the added complications of war 
emergency, shortage of labour and materials, 
annual general examinations in lieu of Special 
Surveys, ete., it now takes nearly a month for a 
report to be processed, as against half that time 
in pre-war days. The more frequent surveys 
demanded by General Examinations and the issue 
of short term load line certificates has led to a 
large inerease in correspondence which has to be 
dealt with concurrently with the reports. We are 
making every effort to reduce this time lag but 
there is little hope that it will revert to normality 
until the resumption of Special Surveys, now 
being pressed by the Committee, becomes an 
accomplished fact. 


CORRESPONDENCE. 


The procedure regarding correspondence follows 
that for reports quite closely. On receipt, letters 
are what we call “referred” to the Departments 
they concern, the reference being cheeked, so far 
as classification is concerned, by the Clerk to the 
Classification Committee. In practically every 
case it is necessary for the letters to be attached 
to the deferred reports, which is done of course 
by the “H” Department who keep them. If it 
is merely a question of advising Surveyors of 
definite arrangements made for survey, the 
necessary letters are written in that Department 
forthwith, but in any case in which either a 
technical’ point or proposal for survey post- 
ponement is made, it is sent to the Reports 
Department for endorsement and afterwards 
follows the normal course of submission to the 
Classing Committee through “S’” Department. 


HOW YOU CAN HELP. 


So much for Office routine which, I may 
venture to say, would be simplified if, when 
reporting their surveys, Surveyors would follow 


closely the imstructions which are printed on 
every report form, I think they are worth 
repeating in this paper, as they are so often 
overlooked :— 


(Periodical Surveys, when held, must be 
reported in detail and seriatim in the terms 
of the Rules and items remaining to complete 
the surveys should be summarised. State 
clearly the eause of Repairs, if any, and, 
in detail, the nature and extent of Exam- 
inations and subsequent repairs. Repairs 
on aceount of Damage (the cause of which 
must be stated) should be separated from 
Repairs due to other causes; and_ besides 
being detailed in the body of the report, 
should be summarised in the form shown 
below. Whenever the replacement of 
Anchors or Chains is reported the particulars 
should be clearly stated in the space 
provided on the back of this form. State 
also the dates and initials of any letters 
respecting this ease). 


There is an underlying reason, of course, for 
every instruction. The Committee ask for 
surveys to be*reported “in detail and in seriatim 
in the terms of the Rules” both to facilitate 
Head Office checking and to provide a permanent 
record that each Rule requirement has in fact 
been complied with. They want the cause of 
any damage to be stated to enable the Chief 
Surveyors to note the effect of certain damages, 
particularly that of heavy weather, on certain 
types of ships. They want damage repairs to 
be separated from those due to wear and tear 
so as to be in a position to help when Owners 
and Underwriters are unable to settle claim 
adjustments between themselves, and they want 
outstanding items of survey tabulated so that, 
after checking, Owners may be advised of what 
remains to be done to complete a survey. 


INTERIM CERTIFICATES. 


I would like to add here a word regarding 
interim certifieates, which were instituted many 
vears ago to counteract the effect of the 
unavoidable time lag between a survey and 
the submission of the report to the 
Classing Committee. | Owners’ Superintendents 


responsible for the class maintenance of their 
ships place great importance on the wording of 
these certificates and are sometimes inclined to 
overlook the fact that they are merely “interim”. 
It would help matters greatly if Surveyors would 
take just that little bit of extra eare to ensure 
that the recommendations on their interim 
certificates coincide with those given by them at 
the foot of their Reports 8 and 9. It is 
realised that unavoidable delay in the issue of 
the Special Reasons List often leads to conditions 
of class being inadvertently included when they 
have in fact already been dealt with, but some 
Surveyors are overcoming this by detailing in 
their interim certificates only those qualifications 
of class imposed as the result of their survey 
and ineluding any others by means of the 
following phrase :— 


“and to all other conditions at present 
attached to the vessel’s class being dealt 
with as previously recommended”. 


No objection is taken to this at Head Office. 


COMMITTEE PRACTICE. 


As regards the attitude of the Committee in 
the assignment and continuance of class, it is 
hardly necessary for me to say that their 
decisions are to a large extent influenced by the 
Chairman of Classification who is, by virtue of 
his office, in constant touch with procedure and 
existing conditions in the industry. Individual 
members, however, often help by viewing a case 
from a different angle. As’ an instance, there 
may be one school of thought which argues that 
good Owners who. keep within the Rules by 
arranging their surveys within the periods of 
grace allowed (maybe to their cost), are penalised 
as compared with less prudent Owners who seek 
additional concessions in this respect. Another 
school may sympathise with an Owner struggling 
to make his ship pay. Their expert knowledge 
of market conditions and individual reputations 
is of great assistance too in arriving at just 
decisions; but they keep uppermost in their 
minds the necessity of safeguarding the rep- 
utation of that standard of upkeep implied by 
the 100A1 class. 


PERIODS OF GRACE. 


The periods of grace to which I have just 
referred vary of course with the survey. Under 
the old arrangement of Special Surveys, the 
Committee were prepared to grant a year of 
grace for completion, and for ordinary cargo 
vessels up to 12 years old, and tankers up 
to 8 years old, this was usually granted on 
application. In ships above those ages, however, 
a General Examination was called for. Under 
the amended Special Survey Rule formulated in 
1945, the period of grace has been reduced to 
six months. For Boiler and Screwshaft Surveys 
the unwritten period of grace allowed is six 
months, although during the war it was extended 
for the latter up to twelve months, These 
periods of grace, however, remain, as they always 
have done, entirely at the discretion of the 
Classing Committee and not of the Staff. 


An Annual General Examination is required 
to be held on or before its due date, and any 
applieation for postponement. beyond that time 
requires the Committee’s sanction. 


There is one way, however, in which Surveyors 
can be of great help. »Whenever a vessel comes 
under survey, for whatever reason, Surveyors 
should always make themselves aware not only 
As 


should ascertain 


of surveys due, but of surveys pending. 
they 
whether any arrangements have been approved 


regards surveys due, 
for their postponement, and if not, they should 
endeavour to fix a date on the spot and include 
the Owners’ proposal in their report. As regards 
surveys pending, they would assist by giving 
notice of them to Owners’ Representatives at the 
time of their survey; for there is nothing more 
irritating to an Owner than to receive notice 
say of a Screwshaft Survey just a few weeks 
after a vessel has been for some time in dry dock 
undergoing bottom repairs. 


The inclusion into reports of arrangements 
made with Owners at the time of survey enables 
the Committee to give early approval of such 
proposals and saves a great deal of corres- 
pondence at Head Offiee. 
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ASSIGNMENT OF REcoRDS OF PERIODICAL SURVEYS. 


There is another matter concerning which the 
present Classing Committee have very definite 
views and that is, that they dislike being asked 
to assign a record of Special Survey when any 
items of importance are outstanding, and they 
dislike being asked to assign a record of Boiler 
Survey when important repairs, such as the 
renewal of a furnace, are recommended for 
attention within a short time. Their viewpoint 
is that if such records are assigned and are 
entered in the Register Book, interested parties 
are often misled by a partial truth. An Under- 
writer or prospective purchaser, for instance, 
seeing a record of BS8,47 might well assume 
that the boilers had been passed as being in good 
condition for a period of twelve months from 
that date. They might, somewhat naturally, 
feel they had been misled if they afterwards 
discovered that the record of BS8,47 had been 
assigned “Subject to a furnace (or furnaces) 
being renewed within three months”. Similarly 
an Underwriter or prospective purchaser, seeing 
a record of Special Survey 8,47, might well 
assume that all repairs consequent upon that 
survey had been satisfactorily completed and 
might feel they had been misled if they after- 
wards found that the record had been assigned 
“Subject to certain repairs being effected within 
twelve months”. It is the Committee’s practice 
now, almost invariably, to withhold records until 
all items and repairs, except those of minor 
importance, have been complied with, and this 
should be borne in mind when making your 
recommendations and framing your interim 
certificates. 


Similarly too, the Committee dislike recom- 
mendations for continuance of the figure “1” 
in a class when serious equipment shortages and 
diminutions are found. They appreciate of 
course that anchors and chains remain in short 
supply, but as a serious deficiency in anchors 
and/or chains may, in certain circumstances, 
imperil the safety of the ship, they take the view 
that in bad eases this should be made publie to 
subscribers by deleting the figure “1” from class 
until such time as the deficiencies are made good. 
This should also be borne in mind when writing 
your reports. 


Loss oF CLass. 


All withdrawals of class, whether by design 
or default, are dealt with by the full Sub- 
Committee of Classification, who call for the 
fullest information possible, particularly the 
reasons underlying either the Owners’ decision 
to withdraw or transfer class, or their refusal 
to comply with requirements or recommendations 
necessary for its maintenance. Such details 
should therefore be furnished in every case of 
of this nature going through Outport Offices, and, 
if possible, the Owners’ written application in 
forfeiture of class should be forwarded. 


The greatest significance is, quite rightly, 
attached to the method of withdrawal from the 
Register Book, i.e, by means of Three Dots 
(...) implying the Owners’ request, by Red Line 
indicating non-compliance with the Rules, or by 
Black Line indicating reported defects. 


Under normal conditions, the Committee take 
the view that Owners are entitled to have their 
class withdrawn by the insertion of Three Dots 
only if application is made when no surveys or 
major repairs are overdue, and that they forfeit 
that right and are liable to the penalty of non- 
compliance with Rule if they have previously 
obtained postponement of an overdue survey and 
only ask for elass to be withdrawn upon the 
expiration of that period. 

The alternative methods of expunging class, 
either by a Red Line or Black Line depends upon 
the nature of repairs left undone; but in every 
instanee, the extreme step of expunging a vessel’s 
class from the Register Book is not taken until 
Owners have been warned that class will be 
forfeited unless arrangements are made for 
immediate compliance either with survey or 
repairs as the case may be; and the Classing 
Committee’s decision is not acted upon until it 
has been confirmed by the General Committee. 


SUBJECTS AND BLEMISHES. 


Another problem that is always with us is the 
noting of blemishes, which although not affecting 
sea-worthiness, are by tradition and usage made 
“Subjects” of class. Opinion is divided upon 
this point, and recently a proposal was put 
forward that items should only be made a 
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condition of class when, if not attended to 
within a specified time, they would imperil class 
continuance, and that the many other items such 
as indented plating, ete., which are left for 
attention at the Owners’ convenience, might be 
entered on the certificates of class not as 
“Subjects” but merely as endorsements. It is 
agreed on all sides that some note must be kept 
of these blemishes both for future reference 
and particularly for record at the sale of a ship, 
but the Committee feel that it is hardly logical 
for them to qualify a vessel’s class by asking 
for something to be done at the Owners’ 
convenience, which may mean “never”! A 
Surveyor’s problem, however, in deciding whether 
a blemish should be noted at all, and if so, 
whether it should be noted as a “Subject” or as 
an endorsement is very complicated and the 


proposal is still sub judice. 


SURVEYS OF DAMAGE. 


As a last word I would like to refer to the . 
Society’s position in the matter of damage to a 
classed ship, as evidence is frequently forth- 
coming that it is not generally appreciated. 


Let me say at the outset that there is no rule 
or regulation which stipulates that Owners must 
call in the Society’s Surveyors when damage is 
sustained. The Society’s Rules operate only 
when the repairs are actually put in hand, as 
by Section 11, page 11, it is a requirement 
that all repairs to classed ships, either on 
account of damage or wear and tear, shall be 
effected under the supervision, and to the satis- 
faction, of the Society’s Surveyors. The interim 
assessment of damage, and arrangements for its 
repair, are matters of adjustment purely between 
Owners and Underwriters as they have of course 
a commercial aspect which is outside the Society’s 
seope. 


It is a Master’s duty to advise Underwriters 
of casualty sustained, and he should do so 
through the medium of Lloyd’s Agents at his 
first port of call. The matter is then properly 
referred to Underwriters, who in most instances, 
eall for an assessment of the damage. The 
choice of a Surveyor for this service is entirely 
at the discretion of Lloyd’s Agents, although 


in the standing instructions issued by the 
Corporation of Lloyd’s to their Agents there is 
a stated preference for the employment of a 
Surveyor to Lloyd’s Register if no Salvage 
Association Surveyor is available—Cireular No. 
1714 deals with this point. 


Underwriters’ Surveyors, however, have no 
authority to issue interim certificates to allow 
a vessel to proceed on her voyage, this being 
the prerogative of the Surveyor to the Classi- 
fication Society in which the vessel is registered. 
Prudent Owners usually instruct their Masters 
to obtain such cover for their cargo commitments, 
and for classed ships this would necessitate an 
inspection of the damage by Lloyd’s Register 
Surveyors, quite irrespective of any survey 
previously held by any other Surveyor appointed 
by Lloyd’s Agents on behalf of Underwriters. 

The Society’s certificates of class relate only 
to the condition of a ship as disclosed at the 
date of her last survey. Subsequent damage 
therefore does not affect that class, and the 
Surveyor should wait until he is called in either 
by Lloyd’s Agents for the assessment of damage 
on behalf of Underwriters, or by Owners for the 
issue of an interim certificate to proceed if this 
is required to cover cargo risks. 


The Committee are most anxious that 
Surveyors abroad should help all sections of 
the shipping industry which we serve. They 
appreciate that usually a Surveyor to Lloyd’s 
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Register is the best, and sometimes the only, 
expert technical opinion in the locality and they 
have recently decided, as per Cireular 1872, 
that he should place himself at the disposal of 
Lloyd’s Agents, not only to hold damage surveys 
on classed and unelassed vessels as he has always 
been permitted to do, but to undertake additional 
duties such as investigating the cause of any 
particular damage when so requested, provided 
that, in the cases of classed ships, Owners 
through their aceredited Agents on the spot, 
give consent beforehand to his acting in the 
capacity desired. 


CONCLUSION. 


It has been my aim to emphasise the wealth 
and worth of tradition in our classifleation 
procedure. Those early Committees “builded 
better than they knew”, in that the principles 
of equitable and democratic self-government of 
the shipping industry evolved by them have not 
only stood the test of time, but have enhanced 
the Society’s prestige to a degree which must 
have been far beyond their imagination. 


I am very conscious that I may have touched 
upon many matters already well known to you 
and that I may have omitted other knotty points 
of procedure upon which you are in some doubt. 
Please ventilate them either by letter or at the 
discussion: as. by doing so, you may help others. 


Received by Chief Ship Surveyor eat Received from Chief Ship Surveyor 


VESSELS NAME "A.B.C." : REPORT... BEX. No, 1234 


The remarks of the Chief Ship Surveyor are desired on this case for the consideration of the Classing Committee. 


(“The endorsement to contain a succinct summary of any repairs that have been required and to show the cause or causes of such repairs, and 
also to bring out clearly any exceptional features in connection with the case, so that the Classing Committee may have all the salient points 
presented in the endorsement.’’—Eatract from Sub-Oommittee’s Report, 24/5/92.) 


Received by Chief Ship SUr ve yor o.ccccccsunssnmneennnnsininnnninesninnssn Received from Chief Ship Surveyor........... 


prac s Mase eed a PORT. No SR 


The remarks of the Chief Ship Surveyor are desired on this case for the consideration of the Classing Committee. 


(“The endorsement to contain a succinct summary of any repairs that have been required and to show the cause or causes of such repairs, and 
also to bring out clearly any et Ae features in connection with the case, so that the Classing Committee may have all the salient points 
presented in the endorsement.’’—-Hatract from Sub-COommittee’s Report, 24/5/92.) 


Tne class of this vessel is subject to permanent repairs 
to the deep tank after bulkhead boundary bars at No. 4 plate below 
sheer (p.s.); to a shell plate in the 4th strake below sheerstrake 
forward of injection grid (p.s) and to indented side shell plating 
(p. & s.) at the first convenient opportunity. 


The Halifax Surveyors report (5,47) the vessel examined 
in dry dock, bottom coated, and on account of damage due to 


(a) heavy weather, and 
(ob) contact with entrance of floating dock, 


repairs effected (a) to fractured rudder stock, keel plate No. 3 etc. 
and (b) to shell plates H.2 and 8 (p.s.f). 


A Periodical special Survey (A), due in February last and 
partly held at Montreal last month, has been further advanced. 


The items given in the Report as remaining to complete 
the Survey have been checked and are in order except for the 
confirmation desired below. 


The Surveyors state they are informed by the Owners' Super- 
intendent that this inspection will be completed by August. 
Repairs have also been effected to deep tank boundary bars 
in No. 4 hold at No. 4 plate below Sheer (p. s) etc., as above. The 
remaining "Subject" items, as above, examined and found efficient. 


It is submitted this ship is worthy to remain as classed, 
with record of docking survey 5,47, without special condition regarding 
repairs to deep tank boundary bars in No. 4 hold at No. 4 plate below 
sheer (p.s.), but otherwise subject as above. 


5,47 Hfx, subject 
without. 


Note for S.R.L.: §.S. (A) PART HELD. BO een 49 


Report to be referred to the Chief 
Ship Surveyor for the noting of the 
fractured rudder stock (vessel built 
in 1948). 


It is concluded the plating in way of sidelights was examined, 
but this should be confirmed by the Surveyors. 
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THE PATH OF A_ REPORT. 


(See pages 6, 7 and 8.) 


Records. Classing 
(Basement) Committee. 


DEPARTMENTAL “KEY.” 
Surveying Staff. 


AVERAGE No. 


DEPT. OF STAFF. PRESENT HEAD. 
Freeboard 5 Mr. 8S. T. Bryden 
Ship Reports 6 Mr. C. A. Millar 
Engineers Reports 4 Mr. L. H. F. Young 


Clerical Staff. 


AVERAGE No. 


DEPT. OF STAFF. PRESENT HEAD. 
2 Mr. L. R. Perris 
1 
H. Mr. G. A. Eales (Deputy) 
Mr. R. N. Cook 
Ss. 
Mr. R. A. Jordan (Deputy) 
F Mr. H. W. Martin 
H & F Mr. L. H. F. Willis (Deputy) 
C. Mr. O. F. Friend 
C.O. Mr. G. E. Chinneck 
D.O. Mr. H. L. B. Soden 


ee 


EDITOR’S NOTE 


The Discussion of Mr. Sladden’s Paper 


“‘ Classification Procedure ” 


Mr. Sladden wishes to thank all those who contributed 
to the discussion of his paper. Most of these contributions were 
in the form of questions about, rather than criticisms of, the 


procedure in the Head Office. 


In the main they related to the paragraph on page 11 


’ 


dealing with “Subjects & Blemishes” and as the procedure on 
this knotty point was clarified by Committee Circular No. 1895, 
datéd 12th October, 1948, there seems little point in answering 


or printing such matters of enquiry. 
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PRIVATE AND CONFIDENTIAL. 


LLOYD'S REGISTER STAFF ASSOCIATION. 


SESSION 1947-48 
Pace | Nea 2 


SHIP REPAIRS AT LISBON 


By G. DIXON. 


LLOYDS REGISTER OF SHIPPING, 
71, Fenchurch Street, 
LONDON, E.C.3. 


The Author of this paper retains the right of subsequent 
publication, subject to the sanction of the Committee 
of Lloyds Register. Any opinions expressed and 
statements made in this paper and in the subsequent 


discussion are those of the individuals. 


SHIP REPAIRS AT LISBON. 
By G. DIXON. 


HE port of Lisbon has seven drydocks 

i but only one of these is capable of taking 

vessels over 2,000 tons gross and in con- 
sequence this dock is in great demand. 

During the war the shortage of tonnage in 
Portugal was acute and all dockings were under 
the control of a Government department whose 
first consideration was to keep as_many vessels 
in service as possible. Therefore any vessel 
needing extensive repairs in drydock had to 
await a suitable date, often up to four months, 
to avoid seriously delaying vessels requiring the 
dock for only a few days to make them ready 
for sea. 

It should be mentioned here that several war 
damage British vessels were given 
preference for the use of the drydock for lengthy 
periods at considerable sacrifice to the Portuguese 
shipping, and was the reason for many memo- 
randums to the Lisbon Surveyors regarding 
outstanding screw shaft surveys. 


cases on 


It will be appreciated therefore that each case 
where underwater repairs were necessary had to 
be given special consideration with the object 
of minimising the time in drydock. 

Two British vessels in which the damage was 
chiefly above the water line, but where a con- 
siderable number of frames required removal for 
fairing or renewal, dealt with in the 
following way. 


were 


The vessels were trimmed to reduce the draught 
in way of the repairs as much as possible, and 
the frame rivets below the water line were burnt 
out from the inside flush with the shell plating, 
the frame rivets above the water line being dealt 
with in the usual manner. The frames were then 
removed, faired or renewed as necessary, and 
tack welded in position. The points of the rivets 
below the water line were then punched out one 
by one and temporary bolts inserted by a diver 
from the outside, each bolt having a grummet 
under its head. This operation was accomplished 
with considerable speed. The saving in time in 
the drydock was estimated to be about ten days 


in one case and fifteen days in the other, the 
actual time in drydock for the riveting of the 
frames and other underwater repairs being two 
and four days respectively. By adopting this 
method work on the above water repairs could 
proceed, and the vessels were in a position to 
dock at short notice should the drydock become 
available, as soon as the frames had been dealt 
with as stated. It will also be appreciated that 
for the drydock for twelve 
days would not tavourably 
considered, and many weeks might elapse before 
the dock was free for such periods, whereas the 
two or four days required in the above cases 
were more readily. conceded, and the repairers, 
Messrs. H. Parry & Son, were complimented by 
the Authorities for their initiative. 


an application 


or nineteen be 


The following case is of special interest from 
the view-point of economising time in drydock. 


The S.S.“ALCOUTIM”, ex “FORT FIDLER” 
was torpedoed in way of the No. 1 hold on the 
15th May, 1944, and temporary repairs were 
carried out at Oran to enable the vessel to proceed 
to Lisbon for permanent repairs. 

The vessel arrived at Lisbon on the 5th March, 
1945, and the drydock was obtained for 24 hours 
in order to make a specification of the repairs 
necessary and material required. 

In way of No. 1 hold the starboard side 
plating, the bottom and the lower part of the — 
port side plating was blown inwards forming a 
mass of torn and twisted steelwork. The shelter 
deck plating was generally badly set up by the 
explosion, while fully 90 per cent. of the second 
deck in the No. 1 hold was badly buckled and 
torn. Forward of the collision bulkhead the 
structure was nearly intact but set down and 
out of alignment with the remainder of the ship. 


A little forward of the midship section in way 
of No. 3 hatch, there was a buckle or corrugation 
over two frame spaces affecting the whole of the 
transverse section, shell, bottom, tanktop, centre 
girder, side girders, decks, hatch coamings and 
the frames and beams in way. 


In addition to the above main damage there 
were many other deformations of a more or less 
minor nature. 


Some idea of the damage in way of No. 1 hold 
can be seen by reference to Plates Nos. 1 and 2 
which also show the welded girders fitted at 
Oran for the voyage to Lisbon. In addition to 
the four girders in way of the No. 1 hold, 
reinforcement had been fitted in way of the 
buckle amidships. 


This vessel was built in 1943 by Messrs. 
North Vancouver Ship Repairers, Ltd., and has 
welded butts and riveted seams. 


About 330 tons of new material was estimated 
to be required of which some 150 tons was 
available in stock at Lisbon. The question of 
the vessel proceeding to the United Kingdom or 
to Canada for permanent repairs was considered 
in order to avoid delay awaiting the material 
for the repairs, however, notwithstanding the 
vessel being efficient for the voyage either to 
Canada or the United Kingdom, it was decided 
to carry out repairs at Lisbon. An urgent order 
was placed for the required material and work 
was commenced afloat, cutting away as much of 
the damaged material as possible and on repairs 
amidships to the buckled shelter and second deck 
plates, ete. 

The repairs at this stage were being carried 
out under the supervision of Lloyd’s Register 
acting on behalf of the Ministry of War 
Transport and the method of repair to the main 
damage in way of No. 1 hold was to be as follows. 


The for the fore body had _ been 
obtained from the builders and verified afloat 
as far as possible and these having been found 
in order it was proposed to prepare the material 
of the whole of the section, between the collision 
bulkhead and the bulkhead between Nos. 1 and 
2 holds, from the builders’ particulars. 


off-sets 


When ready the vessel would be drydocked, all 
remaining damaged material cut away, the fore 
peak tank shored up and the prepared frames, 
double bottom and shell and deck plating erected. 
The work on the buckle amidships would proceed 
simultaneously. 


The estimated time in drydock for the above 
work was sixty days, and there is no doubt 


that when ready to commence the work in 
the drydock the docking would have been 


considerably delayed, the amount of delay being 
dependent on the number and urgency of other 
vessels requiring the drydock about that date. 


Before the arrival of the material ordered 
however, instructions were received to stop all 
work.  Hostilities had ceased and negotiations 
were in hand for the sale of the vessel. The 
vessel was subsequently purchased by the 
Sociedade Geral de C.1.T., Lda., of Lisbon, who 
entrusted the repairs to their affiliated Company, 
Messrs. Cia. Uniao Fabril, Shipbuilders and 
Repairers at Lisbon, who had also been the 
repairers on behalf of the Ministry of War 
Transport. 


In the method of repair proposed above, some 
material in way of the No. 1 hold which could 
have been faired was to be sacrificed in order 
to speed up the repair, which was considered 
justifiable in war time. 


The Repairs Manager proposed the method 
of repair detailed below which ealled for great 
eare and accuracy and which was adopted and 
successfully carried out. The advantages of the 
new proposal were, firstly, greater saving of time 
in drydock; secondly the saving of a considerable 
amount of material. The overall time of the 
repair had been increased, but as it was also 
to the advantage of the repairers to keep the 
drydock open for other work and, as the owners 
are affiliated with the repairers their interests did 
not clash. 


The No. 1 drydock at Lisbon has a length of 
607 feet and is considerably longer than anv 
vessel in the Portuguese Merchant Fleet. 


In the new method proposed and carried out 
for the repairs on the S.S. “ALCOUTIM” this 
fact was made use of and the damaged forward 
end was cut off and left in the fore part of 
the dock, while the after end was floated out 
until the repairs had been completed in way of 
No. 1 hold when the two sections were rejoined 
together. 


Vessels were able to use the dock in the normal 
way while work was proceeding on the repairs 
to the fore end, the work being interrupted of 


course, at each docking and undocking. These 
interruptions were reduced to a minimum by 
arranging for the docking during this period of 
vessels requiring extensive bottom repairs so far 
as possible. 


The following is a brief deseription of the 
repair, giving the respective dates of each 
operation. 


8th August, 1946. 


The vessel was placed in drydock, special care 
being taken to align the vessel both fore and aft 
and in an upright position. Special stools had 
been prepared of welded plates for the support 
of the fore end in way of the fore peak tank 
and these were fitted in position, see plate No. 4. 
Special shoring of the damaged section in way 
of No. 1 hold was fitted. The vessel was then 
cut through forward of the after bulkhead of 
No. 1 hold, each strake being cut in accordance 
with good practice for the staggering of the 
welded butts. The shell and tank top plates 
of the fore end in way of these cuts were 
removed to allow the after end to lift clear. The 
shelter deck plating was undamaged in way of 
the euts and the arrangement of the seam over- 
laps made it unnecessary to eut back the deck 
plating and those cuts provided references when 
rejoining the two sections later. The second 
deck plating was completely damaged and had 
been previously cut away. 


Templates of the section at the collision 
bulkhead and at the after end of No. 1 hold 
were taken. 


12th August, 1946. 


The after section of the ship was floated out 
of the drydock. 


The templates referred to above were found 
not to be entirely in accordance with the offsets 
of the fore body obtained from the builders, 
and slight corrections having been made work 
was commenced preparing the material for the 
double bottom section in way of No. 1 hold. 
This was built in a smaller drydock and 
subsequently floated in to the No. 1 drydock to 
be connected to the collision bulkhead. See 
plates Nos. 5 and 6. 


In the meantime work was proceeding on the 
removal of all damaged and undamaged material 
in way of the No. 1 hold. All undamazed 
material or any plates or sections that could be 
faired were carefully removed. 


The new material required was prepared from 
the mould loft. 


17th September, 1946. 


The new No. 1 Double Bottom was floated into 
position and after fairing the fore end and new 
double bottom the work of erecting the new and 
faired material proceeded rapidly. 


As a precaution all holes in the new material 
had been drilled § inch under size, but during 
erection it was found that these were reasonably 
fair, and after reamering to size the workmanship 
was excellent. All countersinking was carried 
out in place after reamering. 


The after section of the ship was ballasted 
in such a way that the difference of draught was 
4 inches by the stern. + To assist this ballasting 
a number of shafts had been placed on the tank 
top in way of the hatehways, and the bilges in 
Nos. 2 and 3 holds were flooded. The reason 
for this being that careful checks had been 
made on a number of vessels entering the 
drydoek in different loaded conditions to procure 
data of the amount of compression of the keel 
block cappings, and when lining up the blocks 
to receive the after section this compression had 
been allowed for. In ease, however, the after 
end of the vessel once on the blocks showed an 
indication of compressing the keel block cappings 
beyond this ealeulated figure the pumping out of 
the dock could be stopped, and the weight of the 
vessel reduced, by the removal of the shafts and 
pumping out the water throughout the vessel. 
Special pumps were provided in readiness for 
this emergency. This precaution was found to 
be unnecessary as the after section was only 
4 inch low after settling on the blocks. 


10th December, 1946. 


The after section of the ship was floated into 
the drydock. The docking was carried out at 
night time and fortunately the weather was 


fine and calm, there being no wind, which might 
have made more difficult the operation of the 
joining of the two sections. 


Eye plates welded to the shell, two at the fore 
end of the after section and two at the after 
end, each with a wire strop and warwick screw, 
were connected to ring bolts in the dock sides, 
this arrangement is shown on plate No. 11. 


With these in position the vessel was able to 
be accurately adjusted fore and aft and sideways. 
Plumblines were placed in the after hold and 
at the forward end of No. 2 hold and the 
uprightness of the floating section of the vessel 
was verified and corrected as necessary through- 
out the operation of joining the two sections. 


Indicators were fitted at the ends of the floating 
section which recorded the distance between the 
keel plate and the top of the blocks. 


As soon as the after end was in contact with 
the blocks, and the alignment verified with the 
several reference marks prepared, shores were 
fitted to the dock sides and the floating section 
was slowly allowed to settle down over its 
entire length. 


When the forward indicator showed that 
contact was made with the blocks, the floating 
section was about one inch high in way of the 
deck cuts, but as the water level was reduced 
the vessel compressed the cappings on the keel 
blocks as had been foreseen and the floating 
section was fair at the deck. As soon as the 
dock had been pumped out an examination was 
made and the errors in alignment of the two 
sections were as follows :— 


Vertically, the after section was fair at the 
deck and about 4 inch low at the keel. 


Fore and aft, the cuts on the deck and 
stringer plates were found to be uneven, 
some in contact and others up to 4 inch 
open. The deck and stringer plates of 
the forward section had all been rebuilt 
and some faired, which would account for 
these slight irregularities. 


Transversely, the after section in way of the 
join was about § inch to starboard at the 
keel and correct at the deck. 


The repairers were prepared to make a further 
adjustment by the use of jacks on the forward 
section, for which contingency preparations had 
been made. However, the errors were considered 
to be within practical limits and the work of 
fitting the joining strakes of the shell and welding 
the deck cuts was immediately proceeded with, 
together with the cropping of the shell plates 
as approved in way of the buckle amidships and 
fitting new plates. Three frames in way of the 
buckle required to be removed for fairing on 
each side. 


The double bottom and peak tanks were tested 
by water pressure before leaving the drydock, 


22nd December, 1946. 


The vessel undocked and was ready for 
service except for the cementing of the No. 1 
double bottom tank and minor items. 


Welding. 


The account of this repair would not be 
complete without reference to the careful prepa- 
ration and forethought of the repairers for the 
welding of the butts. While considerable welding 
is carried out in this country, the repair described 
was the first extensive repair executed by this 
firm on a part welded vessel. The Admiralty 
Booklet M2 was translated into Portuguese and 
printed for the use of the welding foremen and 
operators, kind permission for this translation 
having been obtained from H.M. Stationery 
Office, though subsequent to its printing. 


The Repair Manager, Snr. Rocheta, explained 
and impressed on the foremen welders the 
valuable information contained in this Booklet, 
and special training of a selected number of 
operators was completed before welding was 
commenced on the repairs. The welding 
throughout was satisfactorily and conscientiously 


carried out. 


PiatEe No. 1.—Damacr Srarpoarp Sipe or No. 1 Houp 
Looxina AFr. 


Puate No. 2.—Damacr Srarpoarp Sipe or No. 1 Honp 
LOOKING Forwarp. 


Piate No. 3.—Forr END AFTER CUTTING AWAY 
DAMAGED MATERIAL. 


Prats No. 4.—Porr Sipe Sroon ar Fore Enp. 


Prater No. 5.—Preparation or No. 1 Dovuste Borrom Tank 
IN SMALL Drypock. 


PiatE No. 6.—No. 1 Dovste Borrom TANK BEING FLOATED 
ROUND TO No. 1 Drypock, 
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Dovsie Borrom IN PLACE AND ERECTING 


MATERIAL IN way No. 1 Hoxp. 
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PLATE 


PiatEe No. 8.—Forr Enp Nearine CompLerion. 
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Puiate No. 9.—Arrer SECTION BEING FLOATED INTO 
Drypbock. 


Puate No. 10.—Arrer Jornrsc BoTH SECTIONS, 
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DISCUSSION ON MR. G. DIXON’S PAPER 


“SHIP REPAIRS 


MR. D. TURNER. 


Here is a simple story of an interesting and— 
in a way—novel ship repair told by a respected 
colleague on the “other side of the house.” 

From it we see what ean be done with limited 
repair facilities at a time of great demand upon 
We also see how the Portu- 
guese, at considerable sacrifice to their own 
shipping, helped our country in its time of 
need—a point perhaps not appreciated by us. 


their resources. 


The description of the method of bringing the 
ship together for final assembly in the dry dock 
interested me. It brought to mind the repair 
to a ship. of equal size to the “ALCOUTIM,” 
which had been towed in two portions to Van- 
eouver from the Arctic waters near the Aleutian 
Tslands, where it had split in two forward of 
the stokehold. As in the present case the 
damaged parts were cut away and a new portion 
built in. But instead of the orthodox way of 
bringing the fore and after bodies into position 
before constructing the new portion, a very 
simple method was employed. Two dowels at 
reasonable distances apart were welded on the 
keelplate of each body and corresponding sockets 
secured to the floating dock bottom. The dowels 
were fitted first in the dock, the fore and after 
bodies floated off, and after the sockets were 
fitted in the dock bottom the two sections were 
returned to the dock and guided into position by 
Posi- 
tioning of the dowels and sockets, levelling, and 


the dowels and corresponding sockets. 


aligning, were all carried out by a civil engineer, 
and, since it was so successfully, simply, and 
quickly done, it surprises me that the devices—if 
not the services—of the civil engineer are not 
made more use of in both ship repair and ship- 
building establishments in this country. Peeu- 
liarly enough, this novelty was carried out in 
the same yard in whieh the “ALCOUTIM” was 
built. 


AT LISBON.” 


I was rather amused to read that the fore 
body was found, after checking, to agree with 
the builders’ offsets. Perhaps a ship built by 
cowboys, fishermen, farmers, Chinese, ete.—as 
this one virtually was—could hardly be expected 
to be normal, but the compliment is there, and 
T am sure the North Van Ship Repairs, Ltd.’s 
war-time employees will be grateful for it!! 

I have only one question to ask. After the 
“ALCOUTIM” was brought together finally in 
dry doek, was the repair work earried out day 
and night until finished? 


MR. J. S. ORMISTON. 


This is a paper well worthy of record in the 
Transactions of the Association. It is a simple 
and direct account of “something attempted, 
something done” in special cireumstances. There 
is little, therefore, one can offer in the way of 
criticism. 

T should like to ask the Author whether the 
welding of the butts of the shell plating of the 
damage amidships was earried out before the 
welding of the butts of the damage forward, 
and whether in the welding of the butts any 
particular procedure was followed from sheer- 
strake to bottom at each end of either damage. 

The construction of the new No. 1 double 
bottom in another dry dock whilst the work 
on the forward damage was proceeding in the 
large dry dock of the port, and subsequent 
floating out of this double bottom structure are 
noteworthy features of the job—I should like to 
ask the Author how the double bottom unit 
was made tight so as to eliminate the possibility 
of its being sunk whilst being towed from one 
dry dock to another. 


MR. A. W. JACKSON, 
The Author is to be congratulated on giving 
us one of those interesting papers which outline 
how repairs to ships ean be carried out under 


adverse conditions, thus showing that we in this 
country have not the monopoly of ingenuity. 


Early in 1946, it was my good fortune to 
be sent to Portugal to examine and report on 
the shipbuilding and repair position, and I 
received very great help from the Author. 


At the time mentioned, very extensive damage -~ 
repairs were being carried out, and the principle 
of doing as much work as possible afloat so as 
to reduce the period in dry dock to a minimum, 
as outlined in the paper, was being acted upon. 


As regards the vessel which is the subject 
matter of the paper, at the time of my visit 
repairs clear of the gaping hole in way of No. 1 
hold were in progress. 


We in this country had seen and dealt with 
similar damages, but the facilities at our disposal 
for obtaining rolled sections and a variety of 
plate thicknesses were infinitely greater. 


The difficulty of importing material also pre- 
sented a problem, and the Surveyors had to use 
a good deal of common sense and persuasion 
to obtain equivalents to the requirements of the 
plans of the vessel as built when material, on 
arrival, did not fit the bill. 


bo 


From the observations I made in going round 
the various shipbuilding yards, it was noticeable 
that the mould-loft equipment was excellent and 
the preparation of templates from lines laid off 
enabled material to be prepared prior to dry 
docking. 

My only disagreement with the mould loft 
staff was that in some eases the wooden templates 
were prepared too early and stored, thus asking 
for distortion troubles when the wood shrunk. 


Consequently, the precaution of drilling holes 


& in. under size was nullified. 


But I must say in the cases of new construction 
T saw, where this arrangement had been adopted, 
and the plates moulded as soon as the templates 
were completed, the workmanship was first class. 


On the whole the workmanship on new eon- 
struction and repairs left little to be desired 
and was as good as the best in the United 
Kingdom, 

The managements and foremen were well 
trained, many of them having been in other 
continental shipyards and in the United States, 
and I have very pleasant recollections of the 
contacts I had with Snr. Rocheta and others 
like him, 


AUTHOR’S REPLY. 


To Mr. 'TurNER. 


In venturing to submit a ship paper T had 
expected criticism from the “other side of. the 
house” and am grateful that such has not been 
the case. 


The description of the joining of the two 
sections of a similar vessel to the “ALCOUTIM” 
and the use of the services of a civil engineer 
was most interesting. In the ease of the 
“ALCOUTIM” sighting was carried out using 
1 theodolite which >\as fixed at one end and 
readings were therefore easily and quickly taken 
it any position along the deck, 


For a vessel built by the unskilled labour 
nentioned the “ALCOUTIM” is a great credit 
o the builders and the workmanship excellent. 
This is not always found when vessels built. by 


skilled labour in this country undergo repairs, 
and in foreign ports any bad workmanship is 
invariably remarked upon by the repairers. 

When the parts of the vessel were finally 
brought together the work was carried out day 
and night. 


To Mr. Ormiston, 


The welding of the butts of the shell plating 
was carried out coneurrently with the welding 
of the butts forward. 
was adopted in-so-far as sequence was concerned, 


No special procedure 


however, every butt was set out to allow for 
contraction and the riveting of seams and frames 
in way of the butts to be welded were left free 
until after welding in accordance with the recom- 
mendations set out in the Admiralty Booklet 
M2. 


eens 


The No. 1 double bottom unit was made tight 
by temporary jointed blanks being fitted to the 
manholes in the end floors and the use of cement. 


To Mr. Jackson. 


I wish to thank Mr. Jackson for his kind 
remarks about Portugal and may add that his 
visit was most welcome both to the Surveyors 
and to the Shipbuilders and Repairers. His 


reference to the wooden templates being pre- 
pared early and the possibility of distortion 
troubles due to shrinkage was brought home to 
me about a year after his visit when the builders 
laid down a sister vessel to one already built 
using the original templates. The fairing of 
the ship was made much more difficult and some 
welding of holes had to be resorted to, although 
the holes were punched or drilled smaller than 
required and several plates had to be rejected. 
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BIZARRE CRAFT OF PORTUGAL. 
By J. GUTHRIE. 


ORTUGAL, like Britain, is a maritime 

P nation and has a considerable merchant 

fleet; in constrast to our country however, 

she is very poor in industries and agriculture 

and consequently her people have turned more 
and more to the sea for a livelihood. 

The Portuguese fishing fleet is one of the 
largest in the world, numbering some 1200 vessels 
over ten tons, ranging from the simple fishing 
boat with its one mast and lateen sail, to the 
beautiful wood or steel four masted fishing 
schooners plying on the Banks and in the Aretie, 
from the modest steam drifter to the most modern 
of deep sea trawlers of some 1250 tons, with 
Maierform type bows and _ turbo-supercharged 
Diesel machinery. 

While a great deal could be written about the 
above vessels, the purpose of this paper is to 
describe some of the craft indigenous to the coast 
and rivers of Portugal. These boats have been 
developed by the earliest fishermen and traders 
and have grown up with each succeeding 
generation in conformity with local conditions; 
and while naval architects may be inclined to 
question their design and construction, the fact 
that they have proved adequate for their purpose 
for so many years would seem to indicate that 
they originate from sound basic principles. 

Portuguese literature is singularly free from 
mention of these boats, and it is impossible to 
state categorically that any particular vessel is 
derived from a definite source; it is well known 
however, that Portugal at one time or another 
was visited or colonised by Cretans, Phoenicians, 
Carthaginians, Greeks, Romans and Moors. It 
is probable, therefore, that some or all of these 
races have contributed share in the 
development of this country’s shipping. Just as 
the anthropologist will discern traces of Semitic 
influence in the features of the humble folk 
of the larger fishing settlements of Povoa de 
Varzim, Costa Nova, Peniche, Cascais, ete., so 
will the archeologist find remnants of a Near 


their 


Eastern culture in their clay utensils, oxen yokes, 
forms of decoration, ornaments and statuettes. 
It is, therefore, quite in order to assume that the 
descendants of the early colonists would continue 
to build the types of vessels employed by their 
forefathers, gradually adapting them to suit the 
different conditions and locality. 


With regard to the vessels described below, 
some of them bear a distinct similarity to the 
river boats in use on the Nile, circa 2000-1000 
B.C., with their short water lines, their huge 
curved ends, carvel planking and absence of keel. 


The Muleta, with its rounded bows fitted with 
rudimentary spurs appears to trace its origin 
in the Eastern Mediterranean. These spurs 
could quite possibly be the vestiges of the ram 
fitted to men-of-war in olden days, for, contrary 
to popular belief, this principal armament of 
the Pheenician and Greek vessels was probably 
fitted to the bows at water level, and not below. 
This theory is supported by the fact that the 
ram is persistently represented by contemporary 
artists who would not be expected to have an 
extensive knowledge of the underwater structure. 


Summing up then, the vessels under review 
appear to have been derived from some of the 
earliest types known to man, and have been very 
little modified either in their design or occupation. 
It is unfortunate that, having survived for so 
many centuries, they are now fast becoming 
obsolete. 


The following is a brief description of some 
of the most picturesque of these vessels with 
their methods of working, whose existence is 
comparatively little known to the outside world. 


SAVEIROS AND MEIA-LUAS. 


The “arte de xavega” is a form of trawling 
performed along the beaches immediately north 
and south of the Douro estuary, around Aveiro 
district, south towards the Berlengas and again 
immediately north and south of the Tagus 


estuary. It consists of rowing a boat out to 
sea for a few miles with the trawl net on board, 
one warp of which is made fast to the beach, 
shooting the net at the proper moment and place 
and returning to the beach with the other warp. 
After beaching the boat, the net is hauled ashore 
and emptied. 


This type of fishing demands a wide expanse 
of beach with a gently shelving sandy bottom, 
free from rocks and banks, with plenty of space 
on the shore for hauling up, drying and 
preparing the nets, and as all the above districts 
the Atlantic with the inevitable 
huge breakers, a special type of boat has been 
evolved throughout the centuries to cope with 
the difficulties encountered; flat bottomed for 
beaching and easy launching as there are no 
ports in the neighbourhood, curved stem and 
stern for the passage through the breakers, 
operated by hand and capable of conducting the 
heavy net and warps to the scene of operations. 


are on coast 


SAVEIRO. 


The Saveiros (from Portuguese Savel = shad) 
are wooden boats peculiar to the beaches near 
Aveiro. They vary somewhat in size and detail, 
but all conform to the one pattern. The greatest 
is about 55 feet long, 14 feet beam and about 
4 feet depth amidships with a loaded dis- 
placement of some 15 tons. The bottom is 
perfectly flat for about half length, rising in a 
smooth curve to meet the stem and sternpost. 
The extremities have a greatly exaggerated 
sheer, curving upwards to give the vessel the 
appearance of a slice of water melon, the top 
of the stem post being some 16 feet above the 
base line, roughly a third of the vessel’s overall 
length and four times the vessel’s depth. They 
are usually gaily decorated with intricate designs 
and have religious motifs painted on the bow 
panels. 


As already stated the Saveiro is flat bottomed 
and, in common with most Portuguese type 
fishing boats, has neither keel nor keelson, 
the longitudinal strength being provided by the 
side and bottom planking of about 13 inches 
and 14 inches-_respectively, also by a 6 inches by 
2 inches shelf, running inside the gunwale for the 


full length, to which these frames are attached. 
These frames, numbering about 27, are of 
34 inches by 2% inches pine, spaced about 
20 inches apart amidships, and fitted with solid 
floors in the peaks. They are single, made in 
two pieces, one side and the bottom being grown, 
the other side being scarphed into the first, the 
searphs in adjacent timbers being on alternate 
sides. A small space in the narrow part of the 
fore end is decked in to form a locker, and 
serves store for the vessel’s meagre 
equipment: a small anchor, bailer, odd ropes, 
ete. The planking is carvel type, and the flat, 
bottom part of the beaks, i.e., the extremities, 
is reinforced by iron hoops as a protection when 
beaching. 


as a 


It will be observed that in view of the length 
of the Saveiro,.a considerable proportion of 
which is unsupported, the entire structure 
appears rather weak and indeed when the vessel 
is being drawn across the sand on rollers, the 
bottom may be seen to flex and the side seams 
to open. <A slight amount of leakage, however, 
does not affect the seaworthiness of this type 
of boat as the actual time afloat may be only a 
few hours each day, while its lifetime is estimated 
at eight to ten years. 


A rudder or steering oar is never used and 
only four propelling oars are employed, each 
manned by eleven men. The oars are made of 
chestnut or eucalyptus, are about 33 feet long 
with a 6 inch blade and are fitted with a wooden 
pad engaging with a 13 inches diameter iron 
thole pin the the latter being 
specially reinforced in way by means of metal 
brackets. | Owing to the dimensions of the oar, 


on gunwale, 


being too wide to be comfortably manipulated, 
a spar is fitted to the shank, parallel with it and 
a few inches clear, to which the oarsmen apply 
themselves. 


The working of each oar is as follows :— 
three rowers pulling, seated on a thwart, four 
men pushing, standing on a spar facing the first 
three, and four men seated in the bows pulling 
on a rope made fast to the butt of the oar. This 
disposition of the crew allows more space for 
the nets and warps situated along the centre 
line of the vessel and prevents congestion during 


manceuvres. ‘The crew consists of 46 men, i.e., 
skipper, mate, and 44 oarsmen, who are, of 
course, all fishermen, and the men are divided 
into two watches under the skipper and mate 
respectively. 

A point to note in respect of the rowing is 
that each oar has a cheek rope at its innermost 
end; when at sea this rope is secured to a thwart 
or spar and serves to prevent a wave thrusting 
the shank against the oarsmen and causing a 
possible injury. 


A mast is never used in these vessels. 


Launching. 
The launching of the Saveiro is one of 
the most interesting and highly organised of 


operations, yet at the same time an extremely 
dangerous one. 


After pushing the vessel down the beach on 
rollers laid across planks as ways until it is 
almost water-borne, the nets and gear are carried 
aeross the sands from the drying poles and 
stowed aboard, great care being taken to see that 
all running gear is free. Two check ropes are 
then attached to ring bolts at the stern and 
brought back onto the beach, one on either side, 
and each in charge of a man who controls it by 
means of a half hitch round a post driven into 
the sand. A third rope, attached to the bows, 
is taken further up the beach to windward and 
serves to keep the vessel’s head onto the sea. 
This rope is controlled in a similar fashion to 
the stern ropes, and it may be well to state that 
on this beach there is always a strong N. or 
N.E. wind blowing. After the crew has jumped 
aboard, the shore gang, numbering some thirty 
odd men, proceed to push the vessel out through 
the breakers by means of a long forked pole 
attached to a erutch on the stern. This pole, 
about 30 feet long, has the butt trailing along 
the ground, and acts as a brake by digging into 
the sand as the waves tend to force the vessel 
back the During the forward 
movement, the men stationed at the check 
ropes slacken off as required, the whole operation 

Not- 
during 


onto beach. 


being under the control of the skipper. 
withstanding the precautions taken 
launching however, it has been known for a 


Saveiro to capsize in the breakers and crush or 
drown part of the crew and helpers, and it 
seems ironic that the men who engage in such a 
hazardous profession should earn only a few 
pence a day plus a minimum percentage of the 


catch. 
Trawlnet. 

The trawlnet used by the Saveiro varies 
considerably from that used by North Sea 


trawlers. The upper and lower sides are similar, 
and no otter boards are employed, the net being 
laid as the vessel makes a wide sweep round the 
fishing grounds and the wings are gradually 
drawn together as the warps are slowly hauled 
in from the beach. 


Compared with the British net, the “xavega” 
net is enormous, the belly measuring some 
120 feet long by 25 feet wide at the cod end, 
of a mesh varying from -3 inch to 2-5 inches 
and the wings are about 700 feet long. As 
would be expected, the warps are each about 
four miles long, 7.e., they must be able to extend 
from the fishing grounds to the beach, and it 
should be clearly understood that the Saveiro 
is not a trawler, it only transports the net while 
the actual trawling is done by means of bullocks 
as described later. 

The net weighs about 15 ewt. and the warps 
may weigh anything up to to 6-7 tons. Cork 
floats and clay weights are fitted, while small 
barrel floats are fitted at the tips of the wings 
where normally the otter boards would be placed. 


There are usually two complete sets of nets 
for each boat; one in use while the other is being 
dried out, mended and recoiled ready for service. 

To appreciate the size of the “xavega” net the 
ordinary North Sea trawlnet has lower wings 
about 70 feet long while the cod end is only 
about 15 feet wide, and other dimensions in 
proportion. 


Fishing. 


The method of fishing is as follows :— 

One warp is made fast to a post on the beach 
and the Saveiro is pulled out to the chosen fishing 
ground which may be anything up to four miles 
out, according to the season, the weather and the 
tide. The net is then shot, the vessel meanwhile 


drifting to leeward, and after making a wide 
horseshoe-shaped curve, to open out the wings, 
the second warp is brought back to the beach 
serving, incidentally, as a brake on the return 
passage through the breakers. 


Arrived at the water’s edge, the boat is turned 
round, either afloat or on the sand, depending 
on the state of the sea, ready to receive the 
spare net and gear for another trip. 


In the meantime, two teams of oxen, con- 
sisting of several pairs yoked together, take 
charge of the two warps and draw the net onto 
the beach. 


Each warp is provided with different knots 
at intervals in its length to enable the shore gang 
to gauge the distance of the net from the shore, 
and to ensure both wings being drawn up 
together. As the cod end nears the beach, 
rollers are placed below it to aid its progress, 
and the actual landing of the catch is assisted 
by a host of small boys accompanied by much 
noise, phenomena indispensable to the proper 
accomplishment of any undertaking in the 
district. 


MEIA LUA. 


The Meia Lua (Portuguese = half-moon) as 
previously stated, is also employed in beach 
trawling, and is to found in all districts on the 
Atlantic coast of Portugal, except Aveiro, where 
the flat sandy beaches allow the “arte de xavega” 
to be carried out. 


It is the prototype from which the Saveiro 
is derived, and its construction in most respects 
is similar to the vessel already described: flat 
bottomed for half its length, without keel, with 
carvel side and exaggerated bow and stern curves, 
and built throughout of the local pine. 


Although the Meia Lua differs in size according 
to locality, a typical vessel will have the following 
characteristics : length 27 feet, breadth 7 feet and 
depth 3 feet with beaks 10 feet and 8 feet above 
the base line for stem and stern respectively. 
The framing consists of single timbers, 5 inches 
by 2 inches spaced 14 inches apart, and scarphed 
as in the Saveiro. The planking is 1 inch at 
bottom and # inch at sides, pegged to the 
frames with # inch dowels. 


Instead of an inside shelf, however, this vessel 
has a heavy rubbing strip fitted outside the 
gunwale as a slight concession to longitudinal 
strength. 


Seven thwarts are fitted and there are five oars 
aside, each oar being manipulated by one man 
only. In this type, however, the steering is 
done by a steering oar placed over the stern 
and bearing against a wooden post. 


Launching is carried out simply by pushing 
the vessel down to the water’s edge on two poles 
laid as rails, placing the net on board and pulling 
out through the breakers to the appointed fishing 
grounds. The nets employed are similar to those 
used at Aveiro with the Saveiro, but smaller 
of course, as the distance from the shore is 
much less and the warps are accordingly shorter 
and of smaller section. 


Generally speaking, the only features of the 
Meia Lua that differ from the Saveiro are the 
peculiarly graceful curves of the beaks and the 
eyes painted on the bows. No proper explana- 
tion has yet been given for the reason for the 
latter symbols; some fishermen state they serve 
to guide the vessel through the water towards 
the shoals of fish, while others aver that they 
keep away the Evil Eye. In this latter 
connection, it is interesting to note that a ram’s 
horn is invariably hung inside the forecastle 
on every Portuguese ship, even steamers, also 
on every axle-tree of every country cart, as 
protection against evil influence. 


MOLICEIRO. 


At Aveiro in the north of Portugal, the River 
Vouga flows into an extensive lagoon connected 
by a short narrow passage with the sea. This 
lagoon has an area of about 23 square miles, 
is very irregular in shape with numerous islands 
and sandbanks and is trom three to six feet 
deep with little tidal movement. Several canals 
connect this lagoon with neighbouring villages 
and the general appearance reminds one of the 
Nortolk Broads. 


The surrounding countryside is sandy, 
especially in the coastal seetors, but for many 


centuries has been gradually nursed into good 
arable land by means of the waterweeds culled 
from the lagoon. These waterweeds, of various 
kinds, have the generic term of moligo, and give 
their name to the vessels employed in. their 
gathering and transport, and the industry 
supports a considerable percentage of the labour 
in Aveiro and district. |The Moliceiro is a long, 
flat bottomed vessel of shallow draught and very 
low freeboard, and is used exclusively in the 
lagoon and adjoining waterways; it is not a 
sea boat and would indeed, have a short life in 
a seaway owing to its design and construction. 


When drawn up on to the beach, it has the 
appearance of a waterline model, even to the 
rudder, with the underwater portion omitted, 
and this should be borne in mind when looking 
at the accompanying sketch. 


A typical example has the following dimen- 
sions :—length 50 feet, breadth 8 feet with a 
depth of 2 feet, and as there are no regulating 
authorities in the district, the freeboard is only 
a matter of inches. 


The bottom is quite flat for about three 
quarters of the length, with the bows eurving 
upwards and backwards, reminiscent of the 
North American bireh-bark canoe, and gaily 
decorated. The upper portion of the stem is 
hinged, to allow of passing below the canal 
bridges. 


The cross-section is trapezoidal, being narrower 
at the bottom, and the gunwale has an inner 
shelf and an outer rubbing strip. As in the 
Saveiro and Meia Lua there is no keel or keelson, 
and the frames, about two feet apart, are fitted 
in a similar manner to these vessels. A small 
decked-in forecastle is provided, serving as a 
food and equipment store and at times as 
sleeping quarters for the crew of two. — Pro- 
pulsion is by sail, poling, or towing, depending 
on cireumstances. 


When sailing, the mast, about 25 feet high 
and stepped slightly forward of amidships is 
fitted with a 12 feet yard and lugsail. Very 
little rigging is employed, sometimes a back stay 
is fitted and usually the halliards are secured to 


windward and serve as shrouds. The forebrace 
is secured to the forward leech-rope by means of 
several small lines set at intervals in the upper 
half of the sail, and the sheet is occasionally run 
on a wooden sheet horse. Tacking is seldom 
resorted to; the lagoon is so shallow that poling 
would be quicker, but owing to the absence of 
keel, lee boards are employed, looped to the mast. 


To enable the vessel to be controlled by one 
man if necessary, the rudder tiller is fitted 
athwartships, and a rope lashed to one end is 
brought forward, rove through a block on the 
stem head and taken back to the other end of 
the tiller. The steering can thus be earried out 
from any position on board. 


An interesting point to note with regard to 
the rudder is that due to the curvature of the 
stern, the top and bottom pintles are not in line 
with each other, which would appear to lead to 
On the starboard side, at the 
forward end of the Moliceiro, a small chain and 
staple are fitted, forming a_ loop. When 
mooring, a pole is placed through this loop and 
driven into the sand. At other times, when for 
some reason or other, this form of mooring is 
not considered desirable, a small anchor is 
employed. The anchor is perhaps the most 
primitive part of this craft, and consists of two 
sticks lashed together at their upper ends and 
secured to the extremities of a crescent-shaped 
piece of hardwood with pointed ends, the 
ensemble forming a triangle, and weighted with 
a large stone thrust inside the frame. The 
holding power of this anchor is debatable, and 
the stone by itself would probably serve equally 
well. 


excessive Wear. 


The gathering of the waterweeds from the 
bed of the lagoon, to which service the Moleiceiro 
is mainly devoted, is carried out by means of 
long rakes. The weeds are stacked in the 
bottom of the boat, and as the amount of cargo 
and consequently the draught increase, portable 
bulwarks are fitted to the gunwales which serve 
a triple purpose; they help to maintain the 
seaweed in position, act as splashboards in view 
of the extremely small freeboard and finally, 
when the vessel is light, are laid flat on the 
thwarts and serve as gangways for the erew of 


two when poling or working ship. To this 
end, the inner sides are coated with pitch and 
sawdust to ensure a good footing. 


Perhaps a short description of the construction 
and launching of the Moliceiro would not be 
out of place. 


The vessel is built throughout of the local 
white pine and is usually constructed at some 
distance from the water’s edge. The builders, 
having inherited their skill from generations of 
eraftsmen, use no drawings whatever, and many 
of them cannot read or write. 


All measurements are incorporated in one 
yard-stick: a squared pole some five feet long 
upon which are cut the various dimensions. 
This pole does duty for the drawing office and 
the mould loft, and though hardly the last word 
in naval architecture, the resulting vessel, when 
seen afloat, is as graceful as a swan. 


As might be expected, the launching is a day 
of celebration, and the Moliceiro, gaily beflagged 
for the occasion, is placed on a long trailer 
drawn by means of oxen and conducted to the 
lagoon. There, the trailer is driven into the 
water and the boat floats clear, to be poled to 
the nearest jetty for her equipment. 


The launch invariably takes place on a 


Saturday, irrespective of the date of completion. 


BARCO RABELO (from Portuguese rabo=tail). 


It is common knowledge that Oporto, at the 
mouth of the River Douro, is the seat of the 
port wine trade, and that the wines are stored 
at and distributed from the small town of 
Vila Nova de Gaia, across the river from the 
former city. Port in its raw state, however, is 
produced in the interior of the Douro district, 
many miles up stream, and is sent down in large 
pipes or barrels to Gaia for maturing and 
blending. 


Owing to the mountainous nature of the country, 
roads are few and far between, and while there 
is a railway serving the various townships along 
the Douro, the best method of transport for bulk 
commodities, and in fact the only 
method for a temperamental cargo such as wine, 


possible 


is by water. The river, as would be expected, 
flows along a deep narrow valley, roughly from 
east to west, and in the neighbourhood of the 
Wine growing district, this valley becomes a 
gorge and the river a swiftly flowing stream 
with many rapids. 


A sailing boat of large capacity has been 
evolved to navigate the Douro, with shallow 
draught for the upper reaches of the river and 
capable of negotiating the rapids by virtue of 
its extraordinary manceuvrability; taking its 
cargo of wine downstream to the estuary by 
means of the current and of the wind when 
favourable, and returning up river empty, by 
sail or by towing. 


These vessels, the Barcos Rabelos, are peculiar 
to the Douro River, and have been employed 
for transport for many centuries. Strabo is 
alleged to have referred to them, and they 
certainly figure in the “Black Book” of Coimbra 
Cathedral, the local equivalent of our Doomsday 
Book, as early as the ninth century. They are 
constructed throughout of the local pine, but, 
contrary to the almost universal practice in 
Portugal, the planking is clinker laid, a fact 
which suggests a Northen European origin. 


The size varies to a great extent, the largest 
vessels now encountered measuring 60 feet long, 
12 feet wide and 4 feet deep amidships, carrying 
from 45 to 50 pipes of wine, or say 22 to 25 
tons of eargo. It is on record, however, that 
in by-gone days, vessels of this type were built 
to earry from 80 to 100 pipes. | When loaded 
the Bareo Rabelo sits very deeply in the water 
with a freeboard of only about 5 inches. As 
with the Moliceiro, splashboards are fitted along 


the gunwales. 


The frames are similar to those fitted in the 
vessels already described, and there is no keel 
or keelson. Instead of the wall sides and the 
dead flat bottom of the former, with their hard 
chines, the bilges of this river boat are rounded. 
The bows are spoon-shaped as in the Norwegian 
pram, while the stern is higher, the sternpost 
ending in a broad, flat shoe provided with a thole 
pin or rudder pintle for the steering oar. The 
stern is decked in to form a store, while a low 


platform is incorporated in the bows whereon 
are placed the ropes and gear necessary for the 
working of the vessel. 


About two-thirds of the vessel’s length from 
forward is situated the bridge. This consists 
of an inclined wooden platform 2 feet 6 inches 
wide extending the full width of the vessel and 
about 12 feet or 14 feet above the bottom. It 
is supported by two stanchions on each side, 
searphed into the timbers, the stanchions being 
provided with crossbars to form a ladder on 


each side. 


The outstanding feature of the Barco Rabelo, 
and that which gives it its name, is the enormous 
steering oar in the shape of an elongated letter Ss 
fitted to the sternpost and controlled from the 
bridge. 


This oar is about 35 feet long and some 6 inches 
square in section, usually made in two pieces; 
a butt strap over the searph projects to port 
and contains the gudgeon engaging in the stern- 
pintle. The shank has a counterweight at its 
inner end, is forked at its extremity for easy 
manipulation by two or more men, and is fitted 
with a number of wooden pegs to which are 
secured the check ropes for holding the helm 
hard over when rounding a bend in the river. 
Owing to the leverage, this oar enables the vessel 
to be turned in a very small cirele, or when 
shooting the rapids, to be controlled within 
extremely narrow limits. 


The mast is stepped slightly forward of amid- 
ships and earries a yard, often made in two 
pieces, at its extreme top. The square sail is 
bent to this yard and the braces and_ sheets 
are brought aft to the bridge. The yard topping 
lift is usually made fast aft to serve as a back 
stay. A rope is attached to the top of the 
mast and passes aft of and below the sail, 
upwards and forwards of it, through a block on 
the mast head, thus entirely encircling the sail. 
The fall is seeured to a cleat on the bridge. 
When under way, the rope is pulled taut and 
the sail is bunched up at its lower end, allowing 
the helsman on his high perch to see below the 
This manceuvre gives the sail its typical 
sailing before the 


canvas. 
hemispherical shape when 


wind. 


In this conneetion, it may be pointed out that 
as the only wind available in this deep valley 
of the Douro is along its course, there is no 
question of the Barco Rabelo tacking, a form of 
progress impossible in such a narrow waterway 
and for which, moreover, the rig is not designed. 


The navigation of the Douro is only possible 
by day, as no lights or buoys are provided, and 
the wine-boat is tied up to the bank at night. 
When moored, a tarpaulin is draped over the 
steering oar and bridge ereetion to form a cabin 
for the crew. Should the wind not be favourable 
on the upstream voyage, the vessel is either 
towed up by its crew, or, when the nature of 
the banks do not allow of this being done, 
anchored in mid-stream until the wind changes. 
The time factor does not materially affect either 
the skipper or his crew; these free, leisured 
sailors work their craft not as slaves to the 
machine, but as human beings co-operating with 
the elements. 


When rapids are encountered, the Barco Rabelo 
is hauled up by teams of oxen hired for the 
purpose, or by the crew. In the latter case, 
the ship’s gear is sometimes carried on the men’s 
backs to reduce the draught to a minimum. 


When drifting down river, should there be no 
wind, and once clear of the rapids, the mast 
and spar are floated alongside. 


BARCO RABAO. 


The Bareo Rabao, of the lower reaches of the 
Douro, is similar to the Barco Rabelo, being in 
fact derived from it, but is much smaller and 
rarely exceeds 25 feet long. It also has the long 
steering oar but has no bridge, the helmsman 
standing on a high thwart placed in the same 
relative position as the bridge of its prototype. 


The vessel is propelled by oars or by sails 
and has a variety of rigs: square sail, lug sail, 
sprit sail, ett. A peculiar rig sometimes met 
with gives the craft the appearance of a large 
butterfly. It consists of twin sprit sails set 
athwartships, each sail being supported by a 
diagonal boom let into a noose at the mast step, 
the booms and mast forming a broad arrow-head. 


The Bareos Raboes are mostly engaged in 
general cargo transport and ferry service. 


MULETA (from Portuguese= crutch). 


No of Portuguese coatsal craft, 
however brief, would be complete without some 
mention of the Muleta. 


survey 


This type of vessel, peculiar to Seixal and 
Barreiro, small towns on the south bank of the 
River Tagus and quite close to Lisbon, was at 
one time a very common sight in the estuary; 
unfortunately, its freakish method of progress 
in a relatively crowded sea-lane, coupled with the 
advent of the steam trawler, caused it to fall into 
desuetude and it disappeared towards the turn 
ot last century. The Muleta is unusual not 
only in regard to its method of fishing, but also 
in regard to its form and rig. 


While the Muleta cannot, as in the foregoing 
vessels, be described from firsthand knowledge, 
every attempt has been made to gather all 
available data from old: engravings, museums 
and trom the local longshoremen. 


Hull. 


The average dimensions are from 45 to 50 feet 
length by 12 feet breadth and 7 feet deep. The 
hull planking is carvel laid, and the framing 
follows the modern plan: keel and_ keelson, 
frame timbers, deckbeam shelves and 
knees, ete. 


double 
While not a sea-going vessel, a 
partial deck is fitted, extending from forward for 
about 30 feet and from aft for about 10 feet. 
The space between the two portions of deck is 
left open and serves for access to the underdeck 
spaces, this cockpit being provided with short 
ladders forward and aft. The stem is almost 
semi-circular in shape and is protected by an 
iron cutwater fitted with ornamental spikes set 
radially for its full length. Above the rounded 
stem, a sharp beak juts forward and upwards 
at an angle of 20 degrees to the vertical and 
serves as a foundation for the fishing mast. 
This beak is from 4 to 5 feet long, and together 
with the fore end of the hull is gaily painted. 


The stern is rounded and, as in the case of 
the Moliceiro, the rudder forepiece follows the 


curve of the stern and has the pintles out of 
alignment. Also, the tiller is fitted athwartships 
and is controlled by a tackle at each end, the 
fall of each being made fast to its own cleat and 
not, as one would expect, being connected to each 
other as with the orthodox relieving tackle fitted 
to larger rudders. 


Two rubbing strips encircle the hull, one just 
below deck level, the other at about water level, 
and both are provided with large iron knobs 
spaced about three feet apart. Arrangements 
are made for removable bulwarks, and lee boards 
are fitted at the after end. 


The Muleta thus represents a curious blend 
of the archaic and modern: the design and the 
details of byegone centuries have been retained 
while the structure has gradually been adapted 
to present-day standards. 


Rig. 


In spite of the apparent confusion of masts 
and spars there is only one true mast, rather 
stumpy, stepped about amidships, and inclined 
forward at an angle of about 15 degrees to the 
perpendicular. This carries the fifty-foot yard 
with its main lateen or latin sail, by means of 
which the vessel proceeds to and from the fishing 
grounds in the normal manner. 


When fishing, a light pole mast is fitted into 
a socket at the foot of the beak, and long booms 
are thrust out both forward and aft to which 
are bent a number of sails of various shapes. 
The forward or jib-boom carries two square sails 
on short yards and the light pole on the beak 
carries a flying jib, the tack of which is attached 
to the end of the jib-boom. <A peculiar type of 
sprit sail, in halves but permanently fastened to 
each other, is supported by a boom resting on 
the deck about midway between the main mast 
and the beak. The tacks of both halves of this 
sail are made fast at the inner end of the 
jib-boom. 

The after boom carries two trysails controlled 
through blocks on the main yard. 


The disposition of the 
shown on the accompanying illustration, and 


spars and sails is 


for the sake of clearness, all standing and 
running rigging has been omitted. 


Fishing. 


The fishing grounds of the Muleta were the 
river and estuary of the Tagus, from the bar 
up to the home ports of Seixal and Barreiro, 
The vessels sailed down river with the tide, and 
upon reaching the mouth at low water, would 
shoot the trawl and drift upstream with the wind 
and incoming tide. Both booms were run out, 
the warps of the trawl being made fast to the 
ends of each. 
and trysails 


The square sails, flying jib, sprit 
were then set and the vessel 
proceeded upstream sideways, crablike. The 
auxiliary sails were adjusted to suit the wind 
and current and served mainly to steer the boat, 
as the rudder under these conditions would be 
ineffective. It will thus be understood why the 
Muletas were never very popular with pilots 


and seafarers generally, other than their owners 
and crews, in view of their odd behaviour when 
fishing. 


Conclusion. 


The above then are some of the bizarre craft 
operating on the Portuguese coasts and water- 
Ways, craft as conservative in their design and 
build as the crews who man them are in their 
methods of fishing. These men, the majority 
of whom have no edueation as we understand it, 
are sailors in the true sense of the term: born 
by the sea-shore, reared on fish and little else, 
brought up in boats—the sea may be said to 
flow in their veins. As a result, by constant 
association with the elements they have acquired 
an understanding of their vagaries which enables 
them to put out to sea with sublime confidence 
in their frail craft and wrest a_ livelihood 
from it. 
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DISCUSSION 


ON MR. J. GUTHRIE’S PAPER 


“BIZARRE CRAFT OF PORTUGAL.” 


MR. A. W. JACKSON. 


I was very interested in the Author’s 
description of bizarre craft of Portugal, because 
it was my good fortune to be sent by the 
Committee to examine the shipbuilding position 
there, and I saw some of them. 


Needless to say it was the Portuguese steel 
shipbuilding programme that was my immediate 
concern. 


As most of my time in Portugal was spent 
in the Lisbon Area I did have an opportunity 
of examining some of the wooden trawlers that 
were being built on the banks of the Tagus, 
and found that although the shipbuilding yards 
were now going in extensively for steel con- 
struction, the art of wood shipbuilding was not 
being allowed to deéay. 


I visited Caseais on two oceasions, one of 
which was with the Author, and found the scene 
as the fishing fleet came in much more colourful 
than in Brittany or at La Rochelle on the Bay 
of Biscay. 


On examining the boats I was astounded at 
their apparent lack of longitudinal strength, 
and the absence of life-saving appliances. 


A crew of 46 men on one of the Saverios 
would leave very little room for the fishing 
tackle and the remuneration per person must be 
hardly sufficient to keep body and soul’ together. 


As the coast of Portugal is exposed the 
launching and beaching of such relatively frail 
craft must, as the Author points out, be fraught 
with great danger to life and limb. 


On the way to see what progress had been 
made with a new shipyard at Viana, I passed 
through Oporto at the mouth of the River Douro 


and saw a number of Bareo Rabels with the 
curious bridge erection and counterbalanced 
sweep which acted as rudder. 


There again the apparent absence of longi- 
tudinal strength and smallness of freeboard when 
fully laden reminded one of strings of dumb 
barges being towed on the Mersey or the Thames, 
which, owing to the lack of freeboard, give 
the impression that they will disappear at 


any moment. 


The Author is to be congratulated for 
bringing to the notice of the Members of the 
Staff Association the results of his observations 
and researches into a type of small craft that 
in the normal course of events would not come 
under our preview. 


MR. T. P. GIBBESON. 


I would like to congratulate Mr. Guthrie on 
a very excellent paper which to my mind is of 
rather a novel type, makes very interesting 
reading and is most educational. 


It is astonishing that the primitive but 
picturesque type of craft described in this 
paper, dating back to very early B.C.,. still 
continue to be used for the purpose of gaining 
a livelihood, but when one considers the conditions 
under which they have to work and how they 
have been constructed and adapted to suit these 
conditions, it is quite understandable. 


As described in this paper the launching of 
these craft through the heavy Atlantic rollers 
must have been a very skilled and hazardous 
operation, where the fisherman was risking his 
life each day and every day. In fact, anyone 
who goes down to the sea in a ship which looks 


so weak that the bottom appears to flex and 
the side seams to open, must have a very stout 


heart, especially when the wage earned is so 
small. 


Comparing the wages earned by these Portu- 
guese fishermen with those of their English 
and Seotch counterparts, I would like to quote 
the case of one of our trawlers which was being 
converted back from war-time to peace-time 
duties. | Work on the trawler was held up 
through lack of materials and the completion 
_ date was put back some considerable time. On 
discussing the matter with the Superintendent 
he informed me that this would cost the company 
about £1000. I remarked that this was a con- 
siderable sum of money, but he replied by 
saying that this would easily be made up in 
two or three fishing trips of about a fortnight’s 
duration, and then went on to tell me of the 
very high wages the skipper of the trawler and 
his men earned in one fishing trip. 


He also told me a story of one of his 
company’s trawlers which was out fishing in 
Northern waters. The fishing was poor for a 


AUTHOR’S 


Mr. Jackson’s remarks are appreciated, the 
more so as he has had the opportunity of seeing 
some of these quaint craft in action. | While 
many steel vessels have been and are being 
constructed in Portugal, the local fishermen 
remain faithful to their wooden hulls, and the 
ancient art of the shipwright is still kept alive. 


Unfortunately, the coming of steam has not 
altered the design of these smaller boats, and 
wood trawlers, drifters and coasters are. still 
built to the full lines of the traditional Portu- 
guese schooner, with little or no deadwood aft. 
Although this may conduce to a comfortable 
sea boat, the inherent weakness at the propeller 
post due to this form results in considerable 
leakage and occasional foundering. 


The lack of life-saving appliances may be put 
down to the Portuguese fisherman’s profound 


time but the skipper was determined not to go 
back to port unless he had a full catch. He 
spurred his men on with promises of an extra 
peg of rum and soon the holds of the ship were 
packed full of fish, so full in fact that the fish 
floated over the side of the gunwale as she 
moved with the swell. 


He then steamed back to port as fast as he 
could go, but unfortunately he had been out 
so long, he had lost count of time and days, 
and when the vessel finally arrived in Fleetwood 
Harbour it was discovered it was Xmas Day, 
a holiday, and so the ecateh was lost and with it 
the money. 


I hope when you are bringing the New Year 
in with a glass of port wine (if you have been 
lucky enough to get a bottle) you will try and 
picture the “Bareos Rabelo,” shooting the rapids 
down the Douro River, with only about 5 inches 
of freeboard. 


In conclusion, Mr. Guthrie is to be commended 
on the time and work he must have put in, in 
collecting the data, information and illustrations 
to produce such an interesting paper. 


REPLY. 


sense of religion, superimposed upon an older 
and ingrained fatalism. A similar outlook will 
be met with throughout the Mediterranean, and 
is probably common to fishermen the world over. 


The lack of longitudinal strength has already 
been commented upon. In the ease of the 
Barco Rabelo of the Douro River the hull is 
similar to that of an Egyptian vessel of the 
TV dynasty, in that the construction is of the 
“stressed skin” type, i.e., all the waterplanes 
are roughly elliptical. In this form, both the 
transverse and the longitudinal cross sections, 
are are-form and the shell is therefore self- 
supporting. 


In the Egyptian vessel, however, it was 
thought necessary to fit a hogging truss from 
stempost to sternpost, supported on forks set up 


from the bottom, and to encircle the gunwale 


by means of a cable, to prevent the sides from 
splaying. It is indeed remarkable that the 
Barco Rabelo, with only a few inches of free- 
board, ean navigate the rapids of the upper 
Douro without showing of distress. 


Mr. Gibbeson is thanked for his contribution, 
and particularly for the point he brings forward 
regarding the continued existence of these 
obsolete eraft in a modern world, which was not 
dealt with in the paper. This is probably due 
to the fact that the fishing villages along the 
West Coast of Portugal are a long way off the 
main roads; civilization, as represented by the 
railway, the motor-bus and the newspaper, has 
not yet caught up with them. In the more 
remote districts in the North of Portugal, a form 
of feudalism is still to be found, and life there 
cannot have changed to any great extent since 
the Middle Ages. 


3 


The Portuguese fishermen are among the best 
sailors in the world; they have to be in order 
to manage the freakish eraft described, Portugal 
discovered most of the world in the fifteenth 
century, and the names of her great navigators 
are household words in every country. It is 
from the ranks of the humble fishermen, however, 
that she recruited the pilots for these discoveries, 
though names like Pedro de Bareelos, Diogo Cao 
and Pero de Alenquer remain unhonoured and 
unsung. 


The story about the unlucky trawler skipper 
is rather amusing and points a moral regarding 
high wages based on an element of luck. 
Trawler fishermen’s wages are high, admittedly, 
but having attended fishing trials on new con- 
struction in the Atlantie in January, it is 
considered that the wages are quite in keeping 
with the cold and the aeute discomfort of the 
job. 


vay ies ate ies 


al F hice 
yaad Sree en wt 


cnet anda 


- - 
‘ 


bee Tes 
7 


fi: he ni ee tas 


‘ - nou aye 
‘> a bay ga prey 


yh nat ewe at 
PE eta Ed wal RINE aon 


a Pith | bins hee 
hss eee Pate oye an 
ny aie tah kfele si, Say, ON. 
¥ bia eo eyes: a, Att, 


a ha fee 


} 7 ’ 7 
PAE seu 1 plied ty 
ws i ve - Ay 


ee eats) Ss ae 
a Bice 4 TNs cone eae oe ay 
it baal er ai ae eS: me, ar Ld 


, hia Dat ts sot gral e et ‘M tng 


a. | sp ayy Hoe os ty i) hee tine da 
Pah aoe > a On 
tale Bev vie a States ade vig ia of 
ms a ie Pada an ith: feria. beat ie 

er ae eae i 
Abt aped Soil pie <n gl 
A Nasa aes 


, oe 
rs es Pe ‘4 
“VD 


‘wl a ele ee 


hey ya Mer x Oke Aug SK 


ve 
Aube D ae 
a 


rf <2 


PRINTED BY LLOYD’s REGISTER OF SHIPPING, 
_ AT THE SOCIETY’S PRINTING HOUSH, 64, SOUTHWARK STREET, 
LONDON, S8.E. 1, ENQ@LAND. 


APRIL, 1949 


PRIVATE AND CONFIDENTIAL. 
eee ee 


LLOYD'S REGISTER STAFF ASSOCIATION 


SESSION 1947-48 
PAPER No. 4. 


RADIOGRAPHIC INSPECTION 


By 
F.C. COCKS and H. N. PEMBERTON. 


LLOYD'S REGISTER OF SHIPPING, 
71, Fenchurch Street, 
LONDON, E.C.8. 


TheAuthors of this paper retain the right of subsequent 
publication, subject to the sanction of the Committee 
of Lloyd's Register. Any opinions expressed and 
statements made in this paper and in the subsequent 


discussion are those of the individuals. 


RADIOGRAPHIC 


INSPECTION. 


Part I. 


RADIOGRAPHY. 
By H. N. PEMBERTON. 


ADIOGRAPHY has now been a routine 
method of inspecting welds in pressure 
vessels constructed under the Society’s 

survey since 1934, and a considerable amount of 
experience in this particular application of 
radiography has in consequence been built up. 

One of the most important conclusions to be 
drawn from that experience is that adequate 
training in radiology is necessary for those 
whose responsibility it may be to judge the results 
of radiographic examinations. 


Unfortunately it is not possible for all 
Surveyors to take a special course of training in 
radiology and in view of the limited field for this 
method of inspection, ‘it is hardly necessary that 
they should do so. Nevertheless, it is at least an 
advantage to be well informed regarding the 
practical applications of radiography in industry 
and it is for this purpose that the present paper 
is presented. It is not intended to be a text book, 
nor can it take the place of practical training in 
radiography. It aims at no more than the 
summarising of information and experience from 
which an intelligent understanding of the subject 
might be obtained. 


X-rays are similar to light rays in that they 
reflected, refracted and diffracted. 
Diffraction by means of the Bragg Spectrometer 
has proved that a beam of X-rays is composed of 
a mixture of wave lengths varying from a well 


can be 


defined minimum to an indeterminate maximum. 
Rays of the longest wave length never emerge 
from the X-ray tube. The minimum wave length 
is entirely controlled by the voltage applied to 
the tube. 


For any given voltage there is a comparatively 
small range of wave lengths in the X-ray beam 


a ft 


of much greater intensity (i.e. penetrating power) 
than the remainder of the beam. The wave 
length of maximum intensity depends not only 
on the tube voltage, but also on other factors such 
as the target material and degree of absorption 
of the tube wall. 


The practical point to bear in mind is that 
X-rays of long wave length are more readily 
absorbed in a material than rays of short wave 
length. The latter are usually termed “hard” 
rays. Naturally in radiography it is the harder 
rays which pass through a material and affect 
the photographie film to produce an image or 
shadowgraph representing the degree of homo- 
geneity of the material. 


The generation of X-rays results from the 
collision of a high speed electronic stream with 
any matter forming a target. The principle of 
the modern X-ray tube is illustrated in Fig. 1. 
The electron source is provided by a heated 
filament incorporated in the cathode whilst the 
target consists of a tungsten plate of appropriate 
shape embedded in a massive copper block eom- 
prising the anode or positive electrode in the 
circuit. 


The principle of the heated filament X-ray tube 
was first applied by Coolidge in 1912, and whilst 
there have since been many refinements and 
variations in details of tube design the modern 
X-ray tube is known as the Coolidge ‘type tube 
the essence of which is the liberation of electrons 
from a heated filament in a high vacuum. Heat 
is generated in the eathode filament by virtue 
of its resistance to an electrie current of 10 to 12 
volts flowing through it. The intensity of X-rays 
is determined by the number of electrons 
bombarding the tungsten target, that is to say, 


by the density of the electronic stream which in 
turn depends on the temperature of the cathode 
filament. It will be readily understood therefore, 
that the primary advantage of the heated filament 
is the sensitive means which it provides for 
control of X-ray intensity. 


It has already been stated that the penetrating 
power of X-rays depends on their wave length, 


and this is governed by the tube voltage or. 


potential across the terminals of the X-ray tube, 
which “drives” the stream of electrons from 
cathode to anode. it will be seen that by 
adjusting the tube voltage and varying the 
current flowing in the filament cireuit the quality 
and quantity of the emergent X-rays can be 
controlled. Quality being defined by the wave 
length and quantity by intensity of X-ray beam. 


There are, therefore, three factors involved in 
the operation of an X-ray tube :— 


(i) Current of the order of a few hundredths 
of an ampere supplied to the eathode 
filament. The density of the electronic 
stream increases with the filament tem- 
perature which thus controls the intensity 
of the X-rays produced. 

(ii) Tepe Vovracr. The velocity of the electrons 
flowing from cathode to anode inereases with 
the. voltage across the tube. Elementary 

dynamics teaches that the 
velocity of impact the greater is the amount 
of energy absorbed, and, in the ease of the 
electrons, dissipated in the form of heat and 
the production of X-rays. The greater the 
applied voltage the greater the penetration 
of the radiation produced. 


greater the 


(iii) Exposure Time. It will be appreciated 
that this is dependent upon the quality and 


intensity of the X-ray beam. The resultant 


quality of the radiograph depends upon the 
right choice of filament current, tube voltage 
and exposure time. 


In view of the relationship between wave 
length and tube voltage, different applications 
of X-rays require different voltages. In practice 
220,000 to 250,000 volts would normally be used 
to penetrate up to three inches of steel. Light 
alloys can be radiographed with lower voltages, 


say, up to 150,000, whilst in medical radiography 
100,000 volts are never exceeded. 


The high voltages necessary in industrial 
radiography are obtained by means of trans- 
formers. The alternating current in the 
secondary cireuit of the transformer should be 
rectified, i.e., converted to uni-directional eurrent 
before it is supplied to the X-ray tube. 


A typieal X-ray cireuit is shown in Fig. 2. 


Whilst tubes can be operated on 
unrectified alternating current since the tube 


X-ray 


itself functions in the same way as a rectifying 
valve, it is nevertheless a wise precaution to 
guard against the generation of inverse current 
which would certainly wreck the costly X-ray 
tube. It is not intended to describe in detail 
the construction of an X-ray cireuit or the 
methods of reetifieation adopted, beyond men- 
tioning that the arrangement commonly used in 
industrial practice is called the “Villard” circuit 
in which an ingenious combination of rectifying 
valves and condensers effects a doubling of the 
voltage supplied to the X-ray tube. One of the 
main advantages of this system is that the high 
voltage transformer is only required to develop 
half the voltage subsequently supplied to the tube, 
and, in consequence, winding and insulation 
problems are simplified. 


Before leaving the subject of X-ray tubes it is 
necessary to draw attention to the importance of 
“foeal spot size” or “target area.” The actual 
size depends upon the rating of the tube, and for 
good radiography should be as small as possible. 
The width of penumbra surrounding the image 
shadow on the film varies directly with the focal 
spot size. This is illustrated by simple geometry 
in Fig. 3, and it will be appreciated that for ideal 
definition a point souree of radiation would be 
necessary. 

It is essential, however, that the anode (target) 
in the X-ray tube should be kept as cool as 
energy absorbed from the 
bombardment is 


possible. The 
electronic considerable and 
causes a generation of heat, hence the massive 
copper block previously referred to, which is 
massive in relation to the tungsten target in 
order to provide maximum conduction of heat. 


A liquid cooling system is normally incorporated 


in the anode block. In practice, therefore, the 
focal spot size cannot be reduced below that 
which will permit a maximum safe temperature 


for a given tube rating. 


Reference to Fig. 2 shows how by placing the 
target at an angle to the direction of the electron 
stream a reasonably large target area’ which 
allows adequate dispersion of heat can be 
effectively reduced in the direction ot the X-ray 
beam. “The tube itself is housed or shielded in 
such a way that through a suitable aperture a 
well defined beam of’ X-rays can emerge, The 
shape of the foeal spot is either eliptieal or 
rectangular, and the projected area of the X-ray 
beam is circular or square as the case may he. 


RaDIoGRAPHIC QUALITY. 


Radiographic quality is best denoted by the 
word “sensitivity” and most specifications 
governing radiographic examinations, such as the 
Society’s Rules for Welded Pressure Vessels, 
stipulate that sensitivity is to be such that the 
relative shadow density on the film shall 
correspond to a variation of metal thickness of 
not more than two per cent. This simply means 
that a two per cent variation of metal thickness 
must be revealed by contrasting shadows on the 
film. Now there are a number of factors which 
influence sensitivity all of which are inter-related. 
Tube voltage, focal distance and 
exposure time are the main variables. In turn 
exposure time is influenced by such details of 
radiographie filtration and 


intensifieation. 


current, 


technique — as 


It has already been explained that for a given 
metal thickness there is an optimum tube voltage 
to give the best results. The X-ray wave length 
must be kept as long as possible consistent with 
adequate penetration. The long wave rays are 
more readily absorbed in the metal than short 
wave rays and the quantity of rays emerging to 
blacken the X-ray film varies in intensity across 
the area of the film causing a contrast in the 
degree of film blackening. 
voltage would result in the shorter wave rays 
penetrating through the metal to give a more 
uniform blackening of the film with consequent 
It will be understood, there- 


Too high a tube 


loss of “contrast.” 


fore, that to raise the tube voltage in order to 
shorten exposure time (perhaps for reasons of 
economy) must result in a lower standard of 
radiography. In certain cases such as castings 
of widely varying thickness it may be necessary 
to sacrifice some “detail rendering” in order to 
achieve a wide contrast range, within a reasonable 
exposure time. 


Photographie density, i.e., degree of blackening, 
for a given exposure time, increases with the 
intensity of rays incident on the film. Quantity 
of rays depends on number of electrons 
bombarding the anode target which in turn 
depends on temperature of cathode filament. 
This finally depends on the amperes flowing 
through the filament. In this case it is justifiable 
technique to increase the milliamperage to the 
maximum permissible for the X-ray tube in order 
to minimise exposure time and obtain a predeter- 
mined film density, the choice of whieh is largely 
influenced by the method and facilities for 
Viewing the resultant radiographic film. For the 
most sensitive results the aim should be for high 
definition and high density. 


For a study of the relationship between the 
various exposure factors reference should be 
made to text books on the subject. Brietly it 
may be stated that the relationship between 
shadow density and focal distance (i.e., distance 
between anode target and film) follows the inverse 
square law. That is to say, the intensity of 
radiation varies inversely as the square of the 


distance, 


For practical reasons which will be explained 
the focal distance used in radiography should be 
as large as possible. Whilst, by the inverse 
square law, current values, exposure times and 
focal distances for a constant density can be 
deduced, in practice other factors such as type 
of intensifying screen, filters, film emulsion, and 
peculiarities of the X-ray apparatus all play a 
part in affecting radiographic technique. Thus 
it is found that in each case the radiographer 
must work out his technique and adjust his tube 
settings by making trial exposures. There are, 
however, certain basie requirements for good 
radiography which can be standardised. These 
will be referred to later. 


PRINCIPLES OF RADIOGRAPHIC PRACTICE. 

A radiograph is simply a “shadowgraph” 
produced by photographic means. The object to 
be radiographed is placed between the source of 
X-rays and the radiographic film. If the 
“transparency” of the object is not uniform, 
then the darkening of the radiographic film will 
vary accordingly, the areas of greatest trans- 
parency in the object being represented by the 
darkest areas on the film. Voids in the object 
naturally allow a greater intensity of X-rays to 
pass through the section containing them. This 
section is thus, as it were, more “transparent” 
than the surrounding material, and the void 
causes a dark spot to appear on the film. 


One of the first principles whieh must be 
understood for the correct interpretation otf 
radiographs, is that X-rays travel in straight 
lines. It is this facet which governs the relation- 
ship between the shape and size of the shadow 
on the film and the actual shape and size of the 
object producing the shadow. Fig. 3 shows the 
effeet of focal spot size on shadow penumbra 
and illustrates the advantage of a point source 
of radiation. Fig. 4 shows the advantage of a 
large target film distance in producing an image 
more truly representative of the size of the 
defect, though it must be borne in mind that 
if the defect is at an angle to the X-ray beam 
the shape of radiographic image is only repre- 
sentative of the projected shape of the defect. 
Fig. 4a illustrates the importance of placing the 
radiographic film as close to the object as 
possible. From the above mentioned principle 
and by simple geometry it is obvious that for two 
film positions, the size of the image of the defect 
in (ii) is greater than in (i). In the language 
of radiography the placing of the film too far 
away from the object results in magnification of 
the image. 


The foregoing principle should be borne in 
mind when viewing radiographs, for the more 
sharply defined image will represent a defect 
nearest to the film, that is to say, nearer the 
underside of a weld rather than the outer surface. 


Image distortion will occur if the film, the 
object being examined and the X-ray tube are 
not correctly positioned. It is essential that the 


focal spot should be accurately placed in line 


with the centre of the area under examination so 
that the X-ray beam will be normal to the surface. 
Most X-ray units are supplied with a centring 
device which serves the double purpose of 
ensuring correct position of the X-ray tube, both 
as regards beam direction and __ target-film 
distance. 

A further essential in radiographie practice 
is the avoidance of movement of either X-ray 
tube or object under examination during the 
It is important to ensure that the 
parts are free from vibration. In one case which 
came to the Author’s notice exposures were 
affected by ground vibration due to a steam 
hammer at some distance from the X-ray tube. 
In structural work it would be useless to mount 
the X-ray tube on staging on which people have 
to walk. 


exposure, 


SCATTER. 

Definition of the image in the radiograph is 
affected not only by foeal spot size and target/ 
film distance, but also by secondary radiation 
caused by the scattering of a proportion of the 
primary X-ray beam within the mass of the metal 
under examination. It has been explained that 
the primary beam is made up of a number of 
wave lengths and the softer rays, Le., rays of 
longer wave length are more readily absorbed 
in the metal and scattered in all directions. The 
effect of the scattered radiation on the film is 
to produce a general haziness or fog. This is, 
of course, more marked in radiographs of thick 
metals than of thin, for the thicker the metal 
through which the primary beam has to pass the 
more scattering of the softer rays takes place. 

Various forms of filter are available to absorb 
scattered radiation, the filter being placed either 
between the X-ray tube and the specimen, or 
between the specimen and the film. 

In practice it is found convenient and effective 
to use lead foil for filtering, the foil being placed 
on both sides of the film. Exposure time is 
increased somewhat compared with that required 
without the lead, but the resultant radiograph is 
very satistactory. 

Lead foil also has an intensifying effect on the 
X-ray film, and for the best radiographic results 
lead screens should be used in conjunction with a 
suitable type of film. 


INTENSIFYING SCREENS. 


These are coated with calcium tungstate salt 
and the smooth shiny surfaces of the screens are 
very sensitive and casily damaged by particles 
of dust, finger marks, ete. In brief, the action 
oft the sereen is to supplement the effeet of X 
radiation on the film by fluorescent light emitted 
The 
sereens are placed on both sides of and in 
intimate contact with the film and are usually 
enclosed in rigid cassettes, 


by the sereen when exposed to X-rays. 


The chief advantage of salt screens is to reduce 
exposure time. They do not in any way improve 
the quality of radiographs and for the best radio- 
graphie results should be dispensed with in 
favour of special lead sereens whieh intensify 
not by fluorescence but by differential absorption 
of seattered radiation, electron emission, and to 
a smaller extent emission of secondary lead 


characteristic radiation. 

For the best radiography lead sereens and high 
voltage X-rays are necessary. For the bulk of 
industrial work at present, however, it is the 
practice to use fluorescent sereens. 


SENSITIVITY. 

In the Society’s Rules tor Welded Pressure 
Vessels, as in Ameriean regulations, it is laid 
that radiographic the 
welded seams is to be sufficiently sensitive to 


down examination of 
reveal variations in shadow density corresponding 
to two per cent of the thickness of the part 
under examination. 
certain minimum standard of sensitivity, but one 
which, in the light of modern practice, permits 


too great a variation in radiographic quality. 


This requirement ensures a 


A device called a penetrameter should always 
he used in radiography as a means of recording 
on the film a proof that the required sensitivity 
of two per cent has been achieved. 

There are several recognised forms of penetra- 
One in common use is the step wedge 
type as shown in Appendix B. 


meter. 


PROCESSING OF FILMS. 

It is not proposed to deal in detail with this 
part of radiography except to say that, however 
carefully the radiographic examination has been 


carried out, the results ean be nullified by careless 
handling of the films during processing, and of 
course by processing errors in the darkroom. 


In Appendix C is a list of spurious images 
due to such errors, prepared by Dr. L. Mullins, 
the Head of the Kodak School of Industrial and 
Engineering Radiography. This list is specially 
useful as an aid to the reeognition of film defects 
—an important factor in interpretation. (See 
Trans. Inst. Welding, Oct. 1947). 


INTERPRETATION. 

The Surveyor does not have to be an expert 
radiographer. A knowledge of the foregoing 
elements of radiography is, however, essential 
for accurate interpretation of the results of 
X-ray examinations of welds and steel castings. 


The significance of the shadows in a film cannot 
be assessed without an appreciation of the 
geometry of shadow formation, and where a 
sensitivity of the order of one half a per cent. 
is obtained, variations of density within the 
shadows enable a reasonably accurate pieture of 
the position, shape and dimensions of a weld or 
casting defect to be built up. Fig 5 shows an 
example of an interdentritie erack or fissure 
sometimes found in welds with certain qualities 
of plate, and how this would be revealed in highly 
radiography. This type of defect 
would not be found by the more usual two per 
cent sensitivity technique. 


sensitive 


In Class 1 Welding, the Surveyors will seldom 
be troubled with gross weld defects because the 
standard of welding produced by the Approved 
Class I firms preeludes the admission of anything 
but the smallest and isolated spots of porosity. 
In examining the radiographs of a Class I 
pressure vessel, therefore, the main object is to 
look for signs of minute eracks which might 
have eseaped the scrutiny of the Firm’s radio- 
grapher. In this connection an isolated slag 
inclusion whieh a Surveyor might be inclined 
to accept in an otherwise sound and homogenous 
weld might well be associated with tiny cracks 
running from the corners of the inclusion. These 
may eseape detection by radiography altogether— 
or some of them at any rate may be revealed by 
high sensitivity technique. 


In other classes of welding, and in steel 
castings it might be permissible to accept certain 
gross defects provided they are not associated 
with cracks which are likely to spread in service 
and are situated in regions of low working stress. 
In these cases whilst interpretation is no more 
difficult than for Class I Welding, the assessing 
of the practical significance of the defects 
revealed by radiography demands very careful 
examination of the film in order to formulate a 
mental macro picture of the section containing 
the defects. 


Radiographs should only be examined under 
uniform light, and one of the standard forms of 
illuminated viewer should be used. The examina- 
tion should follow the following procedure :— 


(1) Have pencil and paper to hand for making 
notes. 


(2) Examine the film for marks and scratches 
which are likely to interfere with inter- 
pretation. Reflected light is useful for this 
purpose. ‘ 

(3) Look first for the penetrameter shadow, and 
check film identification marks. 


(4) Note all shadows of defects to which 
objections are to be raised and estimate the 
position of the defects relative to the outer 
and inner surfaces. The penumbra effect, 
as already explained, will be more marked 
for defects near the surface remote from the 
film. (See also following. section in 
localisation and stereoseopy). 


(5) Take the film to the actual job and identity 
surface defects. These should be noted. 


LOCALISATION AND STEREOSCOPY. 

It is sometimes necessary to determine 
accurately the position of a defect in a part 
under examination before a repair can be 
attempted. This can be done by Localisation 
Technique or by Stereoscopy. The interpretation 
of the results from the former merely requires a 
little elementary geometry. 

The method requires two separate exposures 
of the same defect from two different positions 
of the X-ray tube (This is called the tube-shift 
technique). Fixed lead markers must first be 
secured to the inner and outer surfaces of the 


part being examined. Fig. 6 illustrates the 
method and shows how the position of the defect 
is obtained. 


The Stereoscopic Method requires the simul- 
taneous viewing of the two radiographs in a 
Wheatstone type stereoscope. For this method 
the tube shift distance must bear a relationship 
to the target/film and eye/film distances, the 
former being the distance between X-ray tube 
focal spot and film and the latter the distance 
between eye and film in the stereoscope. 

This second method is specially useful for 
examining the shadows of minute defects such as 
fine cracks about which there may be some doubt. 


APPLICATIONS OF RADIOGRAPHY. 


To WELDED PRESSURE VESSELS. 

It is a requirement of the Society’s Rules that 
the entire length of welded longitudinal and 
circumferential seams in Class I pressure vessels 
shall be examined by radiography. The main 
points to bear in mind in regard to these 
examinations are as follows :— 


(1) The welds should be dressed smooth. 

(2) Details of radiographic technique should be 
in accordance with good practice (see 
Appendix B). : 

In interpretation see that penetrameter is 
visible and identify all surface marks in 
weld and film defects on radiograph. 


(3 


(4) Always examine radiographs under uniform 
light such as obtained in — standard 
illuminated viewers. 


= 


Inspect dark room facilities drawing 
attention to any lack of care and cleanliness 
in handling sereens, cassettes and _ films. 
Freedom from dust is important as dust 
particles on sereens can lend ‘to errors in 
interpretation. 


(6) Standard radiographs of acceptable welds 
eannot be produced on account of the 
variables involved. Cracks, gross inclusions, 
bad penetration, undercutting, and areas of 

should not be» accepted. 

Figs. 13 to 25 are for guidance in assessing 

the significance of weld defects revealed by 

radiography. 


close porosity 
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To Sree, CAsTINGs. 


Increasing use is being made of X-rays in the 
steel foundry industry. Castings for high 
pressure steam, oil plant, gas turbines, gear 
wheels, etc., are required to have a high standard 
of homogeneity. A gear wheel for example in 
which the teeth are eut direct in the rim of the 
casting might prove to be a costly failure if a 
serious defect was diseovered only after 
considerable machining had been carried out. 


Tn some eases recently oil companies’ specifica- 
tions have demanded radiographie examination 
of high pressure oil valve castings. 


Steel founders who employ radiography as a 
quality control admit a general improvement in 
castings produced as a consequence. It is the 
Soeciety’s policy to encourage the use of radio- 
graphy for this purpose, and in February 1945 
the Committee approved a scheme of Approved 
Industrial X-ray Laboratories, which gives 
recognition to properly equipped industrial 
laboratories employing trained radiographers who 
are personally approved in conjunction with the 
recognised laboratory in which they are 
employed. 


In connection with this scheme an approved 
course of training in radiography applied to 
steel castings has been arranged at the Kodak 
School of Industrial Radiography. There is, of 
course, no reason why similar courses should not 
also be arranged elsewhere. 


Tt is considered that for quality control in 
steel foundries, the rational use of radiography 
is in the examination of pilot or prototype castings 
in order to establish a suitable casting technique 
and procedure. Once the various details in 
foundry practice in connection with a particular 
casting or type of casting have been satisfactorily 
evolved, it should only be necessary to carry out 
a radiographic check from time to time on 
similar castings subsequently produced. 


The interpretation of radiographs of steel 
castings is essentially a job for an expert, and 
requires not only a good knowledge of radio- 
graphie technique in respect of steel castings, 
but also a knowledge of the types of defect which 


are to be found in castings. These are hot tears, 
shrinkage cavities, gas holes, or blow holes, sand 
or slag inelusions, cracks, and lack of fusion 
around chills or chaplets. Fine cracks are 
diffieult to find without using special technique. 


Whilst engineers must necessarily rely mainly 
on the expert radiographer for the interpretation 
of radiographs of steel castings, nevertheless it is 
the engineer’s responsibility to assess the 
technical significance of the defects revealed by 
radiography and to decide whether or not a 
particular casting should be rejeeted. In the first 
instance, however, the steel founder should take 
full advantage of radiographic examination in 
order to determine such factors as height of 
casting head, positions of heads and risers, ete., 
to give the best practicable results. <A typical 
report by an expert radiographer on the examin- 
ation of a steel casting is given in Appendix D. 


Gamma Rays 


It has already been stated that in radiography 
of steel castings of widely varying thickness it 
may be necessary to sacrifice some detail 
rendering in order to cover a wide contrast range 
by using short wave radiation. The hard rays 
emitted from radium salt or from radon gas are 
specially suitable for the examination of such 


castings. 


For radiographic purposes radium is prepared 
as a bromide salt and is never used as an element. 
For most purposes 200 sufficient 
quantity and will emit gamma rays of practically 
undiminished intensity for many years. In fact 
the intensity will deerease by 50 per cent. in 
1590 years. 


mg. 1s 


Apart from the short wave effect of gamma 
rays one of the main disadvantages in the use 
of radium is its bulkiness and consequent loss 
of definition in the radiograph. 200 mg. of 
radium salt will occupy 129 eubic millimetres. 


The radioactive gas radon, which is extracted 
from radium salt in solution, is to be preferred 
for radiographie purposes for several reasons, 
the most important of which is the small volume 
required to contain it. 200 millicuries of radon, 


which is equivalent to a source of 200 mg. of 
radium oecupies in practice only 2. eubic 


millimetres—almost a point source of radiation. 


On the other hand radon gas begins to 
disintegrate as soon as it is formed, and intensity 
falls 50 per cent. in a little less than 4 days. 
A steady and reliable supply of radon capsules 
is, therefore, necessary for industrial radiography 
and only recently has an organisation, sponsored 
by the Government, been established from which 
in due course such a supply will be available. 


Space will not allow a detailed diseussion on 
the technique of gamma radiography. In 
practice it is more simple than X-radiography, 
but the radiographs are more difficult to 
interpret. There is a field for the application of 
gamma rays in the steel foundry industry, and 
in the examination of the circumferential butt 
welds in pipes and small diameter eylinders in 
which a radon capsule (or seed, as if is commonly 
known) ean be placed at the centre of the bore 
and the film wrapped round the outer surface of 
the weld. In this way a radiograph of the weld 
can be obtained in one exposure. 


Part I. 


THE APPLICATION OF RADIOGRAPHY TO 
SHIPYARD WELDING. 


By F. C. COCKS. 


THE Dancers AssociaTED WITH 
Unsounp WELDING. 

Most of the failures which 
occurred in all-welded ships have originated at 
sharp discontinuities in the structure. In a large 


serious have 


percentage of the cases investigated, it has been 
found that a defect in a 
introduced a notch which, under quite moderate 


welded joint has 


stress, has provided the starting-off point for a 
fracture. Defective welds in 
coneentrated stress, such as exist at hatch corners, 
have been particularly Residual 
stresses, by themselves, are rarely the cause of 
failures, but they will increase the danger which 


regions of 


responsible. 


is always associated with unsound welds. 


It is essential, if all risk of failure in service 
is to be avoided, that the welding of a ship should 
be sound and free from defects, not only in those 
parts which contribute to the main structural 
strength, but equally so in relatively unimportant 
items such as platform decks, built in tanks and 
even small fittings attached to the hull. A local 
fracture in any of the latter may spread into the 
main structure and lead to a principal failure. 


Sound welding can only be achieved by close 
attention to preparation and welding procedure 
and a striet control of workmanship and super- 
vision, 


THE INTRODUCTION OF RADIOGRAPHY FOR 
DETECTING WELDING DEFECTS 
Certain defects are evident on visual inspection. 
Serious defects may exist, however, under the 
surface and most of them can he readily detected 
by radiography. 


For some time the conviction has been steadily 
growing that the use of X-rays could be of 
considerable help in improving and maintaining 
the standard of shipyard welding. As an 


example, when welding was first introduced into 


bt 


the construction of pressure hulls of submarines, 
the Admiralty decided that visual inspection of 
the welds should be supplemented by X-ray 
examination. Although the welders employed 
were specially selected, and particular attention 
was paid to supervision, the early results of this 
X-ray examination were sufficiently alarming to 
eall for radieal changes in welding technique. 
Since that time the Naval Construction Depart- 
ment of the Admiralty has built wp an extensive 
X-ray service, and routine checks on weld quality 
are made, not only on submarine pressure hulls, 
vessels in. the 


but on all classes of war 


construction of which welding is employed. 


On the Continent of Europe, X-rays are in 
regular use in the examination of welded ship 
structures, notably in Holland, Belgium and 
In Holland, for instance, there has 
come into being an organisation, known as the 
which earries out 
testing of 


Sweden. 


“Réntgen Technical Service.” 
all manner of non-destructive 
engineering and shipbuilding structures. | Its 
formation was originally conceived by a group 
of shipbuilders, marine engineers and shipowners 
for the purpose of checking and controlling 


welding in the shipbuilding and marine 
engineering industries. Capital funds were 


subscribed by the sponsors, apparatus was 
acquired and the facilities were made available 
to the subseribers at cost price. The Service was 
later made available to firms outside the original 
foundation, with similar facilities but at a 
somewhat higher cost in order to provide a 
margin for upkeep, expansion and profit. In 
addition to the X-ray service, Gamma Ray, 
Magnetic and Fluorescent crack detection and 
Counting Tube exploration have been added. The 
equipment is housed in trailers or motor vans, 
complete with generators, dark rooms and all 
comprising a 


necessary accessories, each 


completely self-contained mobile unit. 


In Messrs. John Cockerill’s 


shipyard in 
Belgium, welders under instruetion have 
specimens of their work radiographically 
examined at an institute in Brussels. The films 


are shown to the welder, the faults are pointed 
out to him, and are substantiated by cutting up 
the specimen. This has a marked psychological 
effect, and the welder at onee becomes aware 
that in X-ray inspection there is a_ technique 
which when used on production work will bring 
to light the defects which will result from 
careless work. 

In Sweden, X-ray examination of test samples 
is a requirement in the qualification of welders, 
under the auspices of a Government ageney. It 
is also a requirement for welders employed on 
vessels building in Australia for the R.A.N. 

In the U.S.A., where welding is used almost 
exclusively in shipbuilding, it is natural that 
extensive use of X-rays should be made in 
examining weld quality, and reports from the 
shipbuilding centres in that country show that 
considerable improvement has followed. 


DEVELOPMENTS IN GREAT BRITAIN. 

Recently this has advocated the 
introduction of radiography as a means of raising 
and maintaining the quality of welding in 
merchant under construction in this 
country. Up to the present, X-ray inspection 
has not been used to any extent 
examining welds in merchant ships, but many 
builders have gained experience of it during the 
construction of naval vessels. These builders 
have first-hand knowledge of the benefits to be 
its and 


Society 


ships 


great in 


derived from introduction are con- 
sequently unanimously in favour of extending 
its use to all construction in their yards. Even 
those with no direct and personal experience of 
it are taking a lively interest, and view the 
suggestion favourably. 

Apparatus has already been installed or is 
being installed in some shipyards, while the Clyde 
Shipbuilders’ Association has approved a scheme 
in which six X-ray laboratories are to be set up, 
each to serve a separate group of shipyards. 
Each laboratory will be operated by a radio- 
grapher, specially trained, and in addition every 
individual shipyard will have one or more of its 


experienced technical personnel trained in 
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radiography to act as liaison between the X-ray 
unit and the Welding department. This is an 
admirable scheme, making, as it does, for 
uniformity of practice over the whole area of 
Clydeside. By its means, a considerable amount 
of data will be accumulated, and, it is hoped, 
utilised, and it is confidently anticipated that an 
all round improvement in welding methods and 
workmanship will result. 


Other shipyards in the country are actively 
interested, and it can be generally accepted that 
British shipbuilders as a whole are responding 
favourably to the suggestions made to them by 
this Society. 

APPLICATION TO SHIPYARD WELDING. 

How best can radiography be used? — It 
manifestly impossible to X-ray every foot of every 
weld that goes into a ship’s hull structure. 


Is 


Even 
the most enthusiastic of shipbuilders would resist, 
tooth and nail, any such requirement. On the 
other hand, an inspection by X-rays of an agreed 
proportion of the welding will not be conclusive 
evidence of the general quality of the welding 
unless the proportion be so great as to be 
prohibitive. Setting up the apparatus for an 
time-consuming and radiography 
the taking of 
radiographs merely as a cheek on the quality of 


exposure 1s 


is expensive, and therefore 
a particular job is a luxury. 

It is suggested that the most economical and 
salutary use of X-ray in the shipyard, whether 
in the welding shed, on the skids or on the 
building berth, is to control rather than to inspect 
the quality of the welding. Where welders are 
being trained in the shipyard occasional X-ray 
photographs should be taken of their practice 


samples, and the radiographie interpretation 
of the film, together with an etched cross section 


through the weld, shown to the trainee. (See 
Appendix A.) His faults (if any) can thus be 
shown and explained to him, and the remedy 
pointed out, and he will at the same time become 
aware that radiography is an instrument which 
will lay bare most of his errors of omission or 
commission, and will be increasingly careful to 
avoid them. This should be followed up by 
periodically radiographing production welding, 
steps being taken, of course, to identify the 
welder with the work performed by him. Where 


such a system has already been introduced, the 
trainees have displayed keen interest, and have 
reacted favourably to such 
control. The same method should be applied to 
hired welders, whose work should be checked on 
samples at the beginning of their contract, and 
followed up by periodie control in the course of 
their work in production welding. A system of 
marking and recording the welds made by cach 
welder should be introduced, so that defects ean 


the reasons for 


be traced to individual operators. 


Welding procedure should also be controlled 


by radiography. It is assumed that every 
shipyard carries out experiments to satisfy 


themselves and the Surveyors that the procedures 
they have adopted for welding each kind of joint 
are satisfactory. If X-ray examination is added, 
further evidence of satisfactory procedure will be 
gained, or faults or deficiences brought to light 
which would not be disclosed by mechanical or 
other This should be followed up by 
examination of production welds, to ensure that 
the experimental procedures found satisfactory on 
trial samples will give good results under the 
varying ot the full-sized 
Difference of position, difficulties of access and 


tests. 
conditions work. 


the state of the weather may all have an influence 
on the final result. 


A third direction in which radiography will 
give valuable information is in the inspection 


of specially vital parts of the welded structure. 


At unavoidable discontinuities, such as at hatch 
corners, or at breaks of superstructures, it is 
absolutely essential that the welding should be 
of the highest possible quality, as the smallest 
defect may be the point of origin of a fracture 
caused by concentrated stress, and this fracture 
may spread unchecked until a major casualty 
ensues. Again, certain parts of the structure 
must be welded under restraint, with the danger 
that the initial runs of welding will crack under 
the cooling contraction stresses. Examples of 
this are closing plates, or 3 and 4 way crossings 
of seams and butts. The procedures in making 
these welds should be carefully specified and 
followed, and a thorough visual inspection made 
ot all the of and 
removal of slag. In addition, however, it would 


runs for existence eracks 


1 


be of advantage, in order to remove all doubts, 
to make a final inspeetion by X-ray. 


Although it may not be practical to aim for 
the same high quality of welding as that which 
is required in Class 1 pressure vessels, the 
standard of radiography applied to shipyard 
welding must be just as thorough as that applied 
to the examination of pressure vessel welds. It 
must that certain defects, 
particularly fine cracks, are exceedingly difficult 
to detect by radiography and that a film showing 


be remembered 


no sign of weld defects does not necessarily mean 
that they are entirely absent. The technique 
should in every case be selected or determined to 
give the maximum information possible. ' 


If anything, the technique to be used in radio- 
graphing ship construction will have to be even 
more carefully considered and applied than in 
pressure vessels. In the latter, by the very 
nature of the inspection the technique tends to 
become established and standardised, whereas 
nearly every joint in a ship, by reason of its 
position, location and the surrounding structure 
will differ from every other from the point of 
view of the appropriate technique to be applied. 


Some idea of the complexity of setting up 
for radiographing ship welds will be seen from 
Fig. 7, which shows the exposure technique for 
various forms of construction. These are not 
exclusively shipbuilding joints, but they fairly 
represent a large proportion of the connections 
to be met with in ship construction. 


Apart from the butt weld, which, except in so 
far as it is interfered with by the surrounding 
structure, is eapable of being X-rayed in the 
same manner as the joints in a pressure vessel, 
the most common joint in shipbuilding is the fillet 
tee joint, illustrated in Fig. 8, which also shows 
the most efficient way of getting an X-ray picture 
of the welds. Even so, lack of root penetration 
in fillet welds may not be revealed. 


As was said before, cracks, and especially fine 
cracks, are generally diffieult and often impossible 
to detect. Lf the X-ray beam is in the direction 
of the plane of the crack, a trace of it may appear 
on the film. When the plane of the crack. is 


perpendicular to the direction of the beam, 
> 


however, the difference of densities through which 
the beam passes in the region of the crack ‘and 
outside it is so slight that the normal X-ray film 
would exhibit no sign of it. Only cavities above 
a certain minimum thickness in the X-ray beam 
will become visible on the film, and this minimum 
depth will vary with the thickness and density of 
the specimen and the sensitivity of the X-ray 
technique employed. A penetrameter should 
therefore be used in all cases to indicate the 
minimum dimensions in the direction of the beam 
of defects which will cause shadows on the film. 
Fig. 9 shows a radiograph of a butt weld with 
porosity and the shadow of the penetrameter 
which establishes the minimum dimension of the 
defects shown. 


That the use of X-rays will have a positive 
beneficial effect on the quality of welding is 
graphically shown in Fig. 10. This graph shows, 
after the introduction of X-ray inspection during 
the construction of welded railway bridges, how 
the need for cutting out and repairing defective 
welds rapidly and progressively decreased. 


Fig. 11 shows X-ray films of two butt weld test 
samples. In the first there are many defects 
visible and this sample broke at 9-4 tons per 
square inch whereas the second gave a much 
better X-ray picture and broke at 22-5 tons 
per square inch. 


The radiography of a ship’s structure presents 
many difficulties which are not met with in the 
radiographing of pressure vessel welds. As was 
said earlier, the technique for the latter is to some 
extent standardised; and the arrangement of the 
cassette and the positioning of the set do not 
present great difficulties. Focal distance can be 
varied between fairly wide limits and in all cases 
the optimum technique employed. 


In radiographing ship welds, especially those 
made on the berth, severe limitations will often 
be imposed by. lack of accessibility and the 
diffieult type of joint to be radiographed, and 
also the extensive screening required to reduce 
seatter. A very thorough knowledge of the 
fundamental and practical aspect of radiography 
will be called for by the operators who will make 
shipbuilding radiographs, and a good deal of 
ingenuity will frequently have to be exercised. 


X-ray APPARATUS 


The real drawback at the present time is the 
lack of an entirely suitable X-ray unit, sufficiently 
portable, and of weight and dimensions which will 
permit of its being easily taken into confined 
spaces in the ship. Whereas many important 
welds eqn be X-rayed from a source placed 
outside, there are also many which can only be 
satisfactorily radiographed if the apparatus is 
taken through a manhole or small hatchway. 


Fig. 12 shows a type which is in common use at 
the moment, and within limits this has proved of 
considerable value. The most vulnerable parts 
of this not over-robust set are the high tension 
cables connecting generator and X-ray tube, and 
these it is expected will suffer in the rough and 
tumble of a shipyard, and will be prone to severe 
chafing when led over sharp plate edges. 


There will be many places inaccessible to an 
X-ray tube, and if necessary radiographs in these 
localities can be made by using Radium or Radon 
gas. If due allowance is made for the limitations 
of this method of radiography, these can be of 
considerable value in situations where by reason 
of lack of accessibility the normal X-ray unit 
cannot be employed. 


To sum up, radiography can -be of invaluable 
help in raising and maintaining the quality of 
shipyard welding. That the quality in general is 
capable of improvement is conceded and measures 
to improve the quality are available if the 
character of the defects is known. X-ray 
examination is the most sensitive and positive 
means of detection of actual faults, and further- 
more the psychological influence will result in 
greater attention being given to workmanship 
by welder and supervisor alike. As its use is 
extended, much valuable information will be 
gathered and data amassed on which to assess a 
standard of acceptance. The technique of radio- 
graphing difficult (diffeult from the 
radiographic point of view) will no doubt be 
developed as time goes on, and this will probably 
be accompanied by a steady adaptation and 
improvement of the X-ray apparatus to meet the 
special needs of shipbuilding and other structural 
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Fic. 12. 


Siemens X-ray equipment, type BM3/1508. Rating: 150 KV. at 10mA. 
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Radiograph and macro-etchines of slag inclusions. 
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Radiographs and macro-etehings of gross slag lines at walls of welds. 


Fig. 15. 


Cluster of porosity not acceptable in Class I welds. 


Fig. 16. 


Porosity and transverse crack in weld. 
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Longitudinal erack in weld. 


Fic. 18. 


Gross porosity and slag in weld. Unacceptable in Class I welds. 


Fig. 19. 
Porosity—Aceeptable in Class T welds. 


Fig. 20. 


Transverse erack in weld. 


Fig. 21. 


Typical macro-etching of unacceptable Class I weld. 


Slag and undereutting. Not acceptable in Class 1 welds. 


Porosity—Unaeceptable in Class I weld. Most of. this would 
reinforcement was 


be removed if weld 
ound off. 


Fig. 24. 


Slag line—not acceptable in Class I weld. 
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Class I weld. 


Fig. 26. 


Typical X-ray unit for pressure vessels being used in workshop. 
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Fra. 27. 


Typical X-ray unit for pressure vessels beine used in specially construeted “house.” 


NOTE: 


In Figs. 13 and 14 the radiographs are reproduced as negatives and the weld defects 
appear just as they would in the actual film. 


In Figs. 15 to 25 it has only been possible to reproduce the 


radiographs as positive 
prints in which weld defects appear light instead of dark 


as in the films. 
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APPENDIX A. 


MACROSECTIONS FOR COMPARISON 

WITH RADIOGRAPHS. 

The eutting of the specimen at the requisite 
sections to display defeets shown on the radio- 
graphic film must be performed with great care. 
Measurements made on the film will not 
correspond exactly with the true distances on the 


test plate surface, as will be seen from 
consideration of the geometry of the inter- 


relations between the divergent X-ray beam, the 
thickness of the plate, the position of the film 
and the position of the fault. 

Referring to the Figure, the images of the 
two markers A and B will appear on the film 
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FAULT FIs 
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— *®-RAY SOURCE 


The defect F whose 
image appears at F, will lie somewhere on the 


at A,and B, respectively. 


line XF, and the point C can be determined 
from the relationship. 

AG ALF, 

14: ead 8: 

Having determined the point C, the specimen 
should be sawn through at a place a little nearer 
to the centre of the specimen than C. This will 
leave the fault untouched, and it may be reached 
by filing back the eut surface. These precautions 
are necessary, for otherwise it may be found that 


the fault has been removed by the saweut. 


WELDEO 
TEST PLATE 
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APPENDIX B. 


These recommendations have been prepared by the FE. 6 Committee of the British Welding 


Research Association on Radiography of Welded Pressure Vessels. 
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Foreword 


After prolonged consideration of the question of the standardisation of radiography as 
applied to welded pressure vessels, the FE.6 Committee of the British Welding Research Association 
has concluded that, no matter how attractive it might appear to have a set of X-ray negatives 
indicating standards of acceptance, there are so many variable factors involved in radiography, 
and so many qualifying considerations to be borne in mind, that such a scheme is, at this stage of 


development, impossible to achieve in a manner likely to be of any real value to industry. 


The fact which emerges from the Committee’s deliberations is that the interpretation of 
radiographs is the proper function of a person trained in radiography, and, further, that such 


training as would be required cannot be obtained without considerable practical experience in all 


aspects of weld radiography. 


Indeed it appears to be quite wrong to attempt to saddle the untrained engineer or inspector with 
the responsibility of interpreting radiographs. His province is to assess the significance of the defects 
pointed out to him by the person trained in radiography, and on this authoritative information to 


decide whether he ean accept the weld or whether, and in what manner, he requires it to be repaired. 


This, then, is the underlying principle of the present recommendations. |The Committee has 
not attempted to prepare a manual of instruction in radiography for the novice, but to provide a 
direct practical lead towards a uniformly high standard of radiographic procedure in British industry. 
In putting forward the above principle the Committee stresses the need for provision to be made in 


British industry for the control of radiographers. 


The present recommendations will be supplemented by a second part giving illustrations of 
typical radiographs of welded seams containing defects, together with photo-macrographs of the 


original welds, and will provide guidance on the interpretation of the radiographs. 


A statement on photographie aspects of the radiography of welded high pressure vessels is the 
subject of a further technical memorandum (No. T. 19) which is being issued by the British Welding 


Research Association. 


RECOMMENDATIONS FOR THE STANDARDISATION OF THE 
RADIOGRAPHIC EXAMINATION OF WELDED JOINTS IN MILD 
STEEL PRESSURE VESSELS, 


INTRODUCTION. 


The effective use of radiography as a method 
of inspection of the welded joints in pressure 
vessels depends on the following main con- 
ditions :— 


(A) The efficiency and adequacy of the X-ray 
plant. 

(B) Careful applieation of 
graphic technique. 


suitable radio- 


(C) Correct processing procedure in the pro- 
duction of the radiograph. 


(D) Correct interpretation of the radiograph. 


(B) (C) (D) in turn depend upon the 
human element, which thus plays its part in 
radiography as it does in the process of welding. 


The defects that may be found by X-rays in 
the welds of pressure vessels are :— 

(i) Cracks. 

(ii) Lack of fusion between weld and parent 


metal. 
(iii) Insufficient root penetration. 
(iv) Porosity. 
(v) Slag inclusions. 


Of these defects eracks are likely to be the 
most serious and are often the most difficult to 
reveal. Cracks may occur in conjunction with 
other defects; for example, a jagged slag 
inclusion may be accompanied by fine cracks 
radiating therefrom. Hair cracks of minute 
width and cracks whose cleavage planes are at 
an obtuse angle to the direetion of radiation 
are unlikely to be revealed by X-ray examination 
as applied in industry. 


The recommendations regarding radiographic 
technique deal with welded pressure vessels in 
which radiographic examination is made through 
a single walt of metal, and where the photo- 
graphic film is applied in close proximity to the 


welded joint under examination. They do 
not apply to welds in pipes or vessels where 
examination must be made through two walls 
simultaneously, nor do they apply to the welds 
of branches or other complicated weld junctions 
which require a specialised technique. Never- 
theless many of the reeommendations ean be 
employed to advantage even in these special 
ceases. 


Further, whilst the recommendations as a 
whole are intended for the guidance of those who 
have the final responsibility for the acceptance 
or rejection of a welded pressure vessel, and who 
cannot be expected to have any special knowledge 
of radiography, the detailed recommendations 
regarding radiographie technique are intended 
for trained and efficient personnel who have a 
sound practical knowledge of X-ray equipment 
and its operation, dark-room practice and 
welding. 


It is a principle underlying these recommenda- 
tions that only a person trained in radiography 
shall interpret the radiographs and issue reports 
thereon for the information of the inspecting 
authority or engineer who bears the responsibility 
of accepting or rejecting the pressure vessel. 


RECOMMENDATIONS. 
1. Pant. 


(a) All plant and ancillary equipment should 
be of a standard pattern and of a quality and 
capacity suitable for the examination to be 
carried out. 


(b) As a guide to the tube capacity required 
for various thicknesses of steel, X-ray tubes of 
voltage up to 220 kV are suitable for thicknesses 
up to two inches. For thieknesses above two 
inches voltages of 250 kV or more are required. 


2. PRoTecTion OF PERSONNEL. 


(a) The design and practice of the plant should 
be consistent with the recommendations of the 
British X-ray and Radium Protection Committee* 
existing at the time. 


(b) The protective arrangements and working 
hours should be such that the radiation received 
by the operator or any person in the vicinity of 
the plant does not exeeed lr. per week. 


(c) Plant controls should be housed in a 
separate lead or barium protected cubicle. Mobile 
lead screens should be used for the shielding of 
pressure vessels undergoing X-ray examination. 


(d) The values in the following table give 
some guidance as to the minimum equivalent 
thicknesses of lead which should be provided by 
protective walls or screens in relation to exciting 
voltage for the direct X-ray beam under average 
tube loading conditions. 


EXCITING VOLTAGE MINIMUM EQOIVALENT 
(PEAK) THICKNESS OF LOAD 
, Not Exceeding I ' 
75 kV 1 mm. 
100 Ld | 
125 2 
| 150 25 
175 3 
200 4 
| 250 6 
300 9 | 
350 13 
400 17 
600 35 


(e) The X-ray tube should be self-proteected, 
or otherwise surrounded as completely as possible 
with protective material of adequate 
equivalent. 


lead 


(f) It is recommended that a radiation survey 
be made of the plant by the National Physical 
Laboratory or other competent authority. 


(g) Personnel should on no account expose 
themselves to a direct beam of X-rays. 


* Copies of the recommendations are available free from 
the Hon. Secretary of the Protection Committee at the 
British Institute of Radiology, 32, Welbeck Street, 
London, W.1, or from the Director, National Physical 
Laboratory, Teddington, Middlesex. 


(h) The operator’s off days should be spent a& 
much as possible out of doors. Periodical total 
and differential blood counts of the worker should 
be made every six months in the ease of personnel 
employed in X-ray departments. + 

(i) All rooms, including photographie dark- 
rooms, should be provided with windows, 
affording good natural lighting and ready 
facilities for admitting sunshine, and should be 
adequately ventilated to permit frequent changes 
of air. 

3. RADIOGRAPHERS. 

(a) The person trained in radiography em- 

ployed on the radiographie examination of welds 


in pressure vessels should be approved by a 
competent authority. 


(b) To obtain such approval the person trained 
in radiography should satisfy the competent 
authority regarding his training and experience, 
his practical knowledge of X-ray equipment, and 
his ability to interpret radiographs of welded 
joints. 


(c) The interpretation of radiographs of welds 
in pressure vessels should only be regarded as 
authoritative when earried out by an approved 
person trained in radiography, and the issue of 
reports on radiographic examinations should be 
the limit of this responsibility unless he be 
specially qualified by virtue of training and 
experience to direct repairs on the welded joints. 


4. RADIOGRAPHIC TECHNIQUE. 


The following recommendations relate speci- 
fically to the radiographic examination of welded 
pressure vessels, and are intended for the 
guidance of personnel carrying out such ex- 
aminations, in order to obtain a uniform 
standard of technique. 


(a) Mintmum TarcGet-Fitm Distance. 


The target-film distance should not be less than 
24 inches. 


+ The Factory Inspectorate of the Ministry of Labour 
and National Service recommends the use of dental 
films which are carried on the person for checking the 
amount of radiation received by the operator. Dental 
films for this purpose should be obtained from the 
National Physical Laboratory, Teddington, Middlesex, 
where they are returned after use, and an official report 
is made on the amount of radiation received. 


(b) TuBE VOLTAGE AND EXPOSURE. 

For any plate thickness exposure time should 
not be shortened by using unduly high voltage, 
and the voltage should be adjusted so that the 
exposure is not less than 5 milliampere minutes. 


(c) SCREENS AND FILTERS. 

Fine grained salt intensifying screens may be 
used in contact with the film in order to shorten 
exposure time. A filter of thin lead foil may 
with advantage be placed inside the cassette on 
the tube side of the salt intensifying screen. 
It is recommended that its thickness should not 
be less than 0-003 inch. 


In all controversial or doubtful cases radio- 
graphs should be repeated using lead sereens 
together with non-sereen film. The lead sereens 
should be about 0-003 inch thick in front of the 
film on the tube side and about 0-006 inch thick 
behind the film remote from the tube. 


(d) Position oF Frum. 

The distance between the film and the under- 
surface of the weld should be as small as possible 
and should in no case exceed half-inch. 


Flexible cassettes or curved cassettes approxi- 
mating to the curvature of the vessel should be 
used for the examination of the circumferential 
joints. 


Where flexible rubber cassettes are used great 
eare should be observed when exhausting these 
saes that all air bubbles are excluded. 


(e) Maximum LENGTH OF JOINT TO BE 
RADIOGRAPHED IN ONE EXPOSURE. 
The maximum length of joint to be radio- 
graphed in one exposure should not exceed the 
following :— 


(i) Longitudinal joints: one half of the 
target-film distance. 

(ii) Cireumferential joints: a length at the 
ends of which the thickness of metal to be 
penetrated the normal metal 
thickness by not more than 10 per cent. 


(See Fig. 1.) 


exceeds 


In any case the variation in density in a single 
radiograph should be within the limits defined 
in the following paragraph. 


Target - Film Distance 


ei 
| 
eee i 


Ss] 


t= Plate thickness 


Fig. 1. 
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(f) Density. 
Exposure conditions should be such that photo- 
graphie density of the normally developed film 


in the region of the weld lies within the limits 
of 1-0 and 1:8. 


(g) Direction or X-Ray BEAM. 

The X-ray beam should be accurately aligned 
normal to the surface of the weld. The apparatus 
should be fitted with a centring device that is 
automatic or semi-automatic in operation. The 
X-ray beam should never be aligned by eye or 
by estimation. 


In all controversial or doubtful cases, a seeond 
radiograph should be taken from another angle. 


(h) PENETRAMETERS. 

Radiographie technique should at least be 
eapable of detecting differences in metal thickness 
of 2 per cent of the thickness of the plate under 
examination. A penetrameter should be used to 
indicate clearly on the film that this degree of 
sensitivity is being obtained. A penetrameter 
is a device having markings so designed that they 
shall be visible under appropriate conditions on 
the radiograph. 


The penetrameter should be of the ‘“step- 
wedge” type in the form of a steel strip half-inch 
wide made in a series of steps each half-inch 
long. For thicknesses of plate up to 14 ineh, 
the thieknesses of the steps should be 5, 10, 20, 
30 and 40 thousandths of an inch. Each step 
should be perforated with holes 1/40th inch 
diameter arranged in the form of a numeral 
relating to the thickness of the step, as shown 
in Fig. 2 (A). 


For plate thicknesses over 14 inch and up 
to 3 inches the penetramcter should have steps 
of 40, 50, 60 and 80 thousandths of an inch in 
thickness respectively, und the steps should be 
perforated with holes 1/20th inch diameter 
arranged in the form of numerals relating to the 
thicknesses of the steps, as shown in Fig. 2 (B). 


An alternative form of wedge-type penetra- 
meter made from separate pieces of steel set in 
a mould of plastic or other suitable material and 
perforated and marked as above may be used. 


The penetrameter should be placed parallel 
and close to the weld at one end of the area 


examined in each radiograph, and the thinnest 
step of the penetrameter should be positioned 
away trom the centre of the area being examined. 


A lead marker should be placed alongside the 
penetrameter indicating the step having a 
thickness equal to or immediately below a value 
of 2 per cent. of the thickness of the plate under 
examination, 


tw) 64 /: 
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lead markers. 


(i) IDENTIFICATION. 


A suitable method for marking radiographs for 
identification with the portions of the seam which 
they represent is indicated in Fig. 3. Sufficient 
overlap should be provided on the radiographs 
to cover the whole of the welded seams and each 
radiograph must exhibit a number at each end. 


Welded Seam 


{ 
b 2m 
Radvograpit Ne. % 


Fig. 3. 


(j) DRESSING OF WELDS BEFORE 
RADIOGRAPHIC EXAMINATION. 

The surface of the weld should be as smooth 
as possible, and this can be achieved by grinding, 
chipping or machining the weld surface before 
radiographie examination, so that all surface 
marks and weld ripples are removed. 


(k) JUNCTIONS BETWEEN SEAMS. 

It is desirable that the division of seams into 
lengths for the purpose of radiography should be 
arranged so that each junction between seams 
appears at the centre of a radiograph. 


5. REPORTING OF RADIOGRAPHIC EXAMINATION. 

(a) The results of radiographic examinations 
may with advantage be detailed on a Report Form 
signed by the approved person responsible for 
the examination. It is recommended that the size 
ot the Report Sheets should be foolscap (13 
inches by 8 inches) and that one side only of each 
sheet should be used. The Report should be 
accompanied by a drawing or diagram showing 


the exact position of each radiograph and the 
position of the defects. Wherever possible the 
approximate dimensions of the defects should be 
given. In all cases the radiographs should be 
compared with the actual weld surfaces, and 
imperfections should be specifically 
referred to in the report. 


surface 


Stereoscopic or tube shift techniques may be 
necessary in ‘order to determine the shape, 
position and size of a particular defect. 


(b) The report should be submitted to the 
appropriate inspecting authority or person 
responsible for the final acceptance of the 
pressure vessel for consideration of the repairs 
deemed necessary or for approval, as the case 
may be. The actual negatives should be stored 
in a safe place protected from damage for a 
period of ten years, or as agreed with the 
inspecting authority, and should at all times 
during that period be available for inspection 
by the accepting authority on demand. 


RECOMMENDED REPORT FORM. 
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RADIOGRAPHIC EXAMINATION. 
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SKETCH OF VESSEL SHOWING FILM LOCATIONS. 


{L-{/t lo 


2L-11to20 
The length between numbers for the longitudinal seams Is..............:.0:0 inches. 
The length between numbers for the circumferential seams Is...............60e0 0 inches. 


DECLARATION. | 
I, the undersigned, have examined the radiographs of the welded joints in the above pressure 


vessel, taken at the positions shown on the sketch above, and have prepared the attached form. 


The radiographic technique employed for this examination was in my opinion such as to reveal | 
defeets having quantitative depth of two per cent. of the thickness of the plate under examination, 


(Name of Firm) 


i |, eee ee Vessel No. 


RADIOGRAPH No, INTERPRETATION AND REMARKS 


CONFUSING 


SHADOWS IN WELD RADIOGRAPHS. 


(a) DARK SHADOWS. 


Appearance of Defect 


Probable Cause 


Suggested Preventive 


Finely mottled fog. 


Fog on edge or corner of film. 


General fog with or without re- 
flections from surface below 
film. 


Dark cireular marks 

Dark spots or areas, sometimes 
marblelike. 

Dark branched lines, dark spots. 


Dark lines or eracks. 


Dark fingerprints. 


Dark spots or streaks. 


Stale film sometimes due to keep- 
ing large stocks, and not using 
oldest film first. 


ixposure to white light; faulty 
closure of good cassette or use of 
defeetive cassette. 


Exposure too near (or for too 


long) to safelight or to over- 
bright safelight: general fog 


may also be due to overdevelop- 
ment or to using old film which 
may have been badly stored. 


Developer splashes before im- 


mersing whole film in developer. 


Insufficient fixation. 


Statie marks due to electrical 


discharges. 


Seratches or eracks in lead in- 
tensifying screens. 


Film touched before development 
with fingers contaminated with 
for certain 


chemicals, example 


metal salts. 


Contamination of film by metallic 
particles or metallic salts. 


Use fresh film, always maintain 
stock so that oldest film is used 
first. 


Handle film in proper’ safe- 
lighting conditions, fasten cas- 
settes properly: repair or re- 
place faulty cassettes. 

Use 
under 
by the 
fresh 


recommended — safelight 
indicated 
film manufacturer. 
film fog, 
develop for recommended time 
at recommended 


the conditions 
Use 
from 


free 
temperature. 
Avoid such splashes. 


if this 
fails use fresh fixing solution. 


Fix for correct time: 


Avoid rubbing or sliding one 
film on another or drawing film 


quickly from wrapping paper. 


Replace sereens. 


Handle film by the edges with 


clean hands and use the pro- 
tective folder as long as pos- 


sible. 


Use only stainless steel, nickel 
or plastie stirrers, ete.: avoid 
metal containers cheap 
enamel containers fixing 


or 
for 


solution. 
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(b) LIGHT SHADOWS. 


Appearance of Defect 


Probable Cause 


Suggested Preventive 


Light areas usually crescent 
shaped, 

Light cireular patches. 

Light fingerprints. 

Cireular or “drop” shaped 


light patches. 


Light spots or areas. 


Light spots or lines. 


Light spots or streaks. 


Pressure marks due to faulty 
handling of film for example, 
buckling or localised pressure on 
the film generally prior to ex- 
posure: or to fixer adhering to 


the hanger from its previous use. 


Air bubbles on 
development. 


film during 


Film touched before development 
with greasy fingers. 


Splashes of water or fixer on 
film prior to development. 


Dust or paper between the film 
and the intensifying  sereens. 


Spots on, or eracks in fluorescent 
intensifying sereens. 


Oil contamination of film before 
development or of developer. 


Handle film with care: 

shaped marks 
avoided by handling the film by 
one corner and keeping it flat. 


moon- 


pressure are 


Rinse and dry hangers before 
using again. 


Agitation immediately on im- 


mersion during development. 


As for dark fingerprints. 


Avoid such splashes. 


Avoid dust, ete., between the 
sereens and film. 


Use new sereens if marks cannot 
be removed by washing with 
Castille soap. 


clean 
free 


Handle film only with 
hands: keep developer 
from oil. 


ti 


(ec) MISCELLANEOUS. 


Appearance of Defect 


Sharply outlined light or dark 
areas. 


Images of wood grain, wall- 
bricks, ete. 

Small depressions with black 
edges. 

Wavy marble-like marks, in- 
creased density below light 
areas, reduced density below 


heavily exposed areas. 


Reticulation (of grain of 


leather). 


Solarisation (tone reversal). 


Probable Cause 


Suggested Preventive 


Non-uniform flow of developer 
over film when immersing it in 


the developer. 


Previous exposure of the box of 
film to X-rays. 


Bacterial action in processing, 
generally in tropical climates but 
sometimes occurring in very hot 
weather. 


Insufficient agitation of  de- 
veloper. 
Differences in temperature be- 


tween successive processing baths. 


Lengthy exposure to unsafe light 
after exposure. 


the uniform flow of 


developer over the film when 


Maintain 


immersing in it. 


Store films away from X-rays 
and radium sources. 


Avoid washing in water which is 
too warm and avoid drying in 
too damp an atmosphere. 


Effective agitation during 
development. 

Keep solution — temperatures 
uniform. 

Avoid light fogging: check 
safelights. 


APPENDIX D. 


REPORT. 


Report to Lloyd’s Register of Shipping on the Radiographic 
Examination of a Half Wheel Casting. 


The following report relates to the examination of a single Half Wheel Casting : 


Job No. 1234. Heat No. A12. 


EXTENT OF RapioGRaPHIc SURVEY. 
Figs. 1 and 3 indieate the areas covered by the radiographic examination. These may be 
classified as follows : 


A Number of Sections 
Sad Radiographs marked 
Sections of the rim underlying feeder heads. (The latter were 6 TA, 2A, 2B, 
disposed opposite the radial arms) ... 33% fe - oe Giant D2: 
A section of the rim between two .arm positions ... dey des 2 WX, YZ. 
The three centre sections of the bore between the radial arms ... 3 AB, BC, CD. 
A section of the rim immediately underlying one of the feeder heads 1 BT. 


The junction of one of the radial arms with the upper portion of the 
bore 7 ee =. ons tas 6 ea ae a 1 EK. 


RaDioGRAPHic Dara. 

The whole examination was carried out using Radon, whieh provides a very small but intense 
source of gamma-rays. The exposures were all made using “ non-sereen” type X-ray film, with .010 
inch front and back lead sereens. 


The following exposure data are given: 


Source Source-film 


ant ee Exposure Souree 
Radiograph Seetions F : ws 
. strength distance time position 
reference marked pte ; : a 
(milli-euries) (inches) (hours) (see Fig. 1) 
1A, 2A 350 14 5 1 
B 225 19 15 2 
D1, D2 290 : 15 6 3 
Wx, YZ. Gl 330 28 138 | 
AB, BC, CD 225 iH 6 5 
BT 160 IG 13 6 
Kk 400 11 138 i 


The manner in which these shots were taken is indicated on Fig. 1, the source positions being 


numbered to enable correlation with the above table. 
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RADIOGRAPHIC SENSITIVITY. 

United States Boiler Code penetrameters were included on radiographs of representative sections 
and in each case, except shot E, a sensitivity of at least two per cent. was recorded. In the case of 
shot E, too thin a penetrameter was employed in error, and as this was considerably less than two 
per cent. of the sectional thickness, it failed to record. 


; Thickness of section Penetrameter esas 
Section : Sensitivity 
at angle of beam thickness : 
marked (inehps) atte per cent. 
1A 4 -080 “ 
B 4 -080 2 
D2 a -070 1:8 
YZ 3-5 070 2 
BC 3-5 070 2 
BT 4 2 


5 -090 


DovuBLE EXxPosURE TECHNIQUE. 

As mentioned in the subsequent radiological 1eport, defects were found in the bore of the wheel. 
In order to determine the depth of these defeets from the surface, double exposure technique was 
applied in the following manner, which is illustrated in Fig, 2. 

Films were placed behind the sections in question (AB, BC and CD) and_ exposed 
simultaneously as for 7260. On each section markers were placed on surtaces adjoining and 
remote from the X-ray film. Upon completion of the exposure the films were replaced by fresh 
ones and the source displaced a distance of two inches as indicated in Fig. 2. The markers were, 
of course, left in place. Upon development, the films recorded displacement of the defects and 
the markers on the inner surface of the bore, the shift of the defect in section BC being due to its 
off centre position. , 

After drying off the films, the defect recordings were reinforced on the films with yellow 
crayon. Corresponding films were then viewed cn top of one another against a high intensity 
illuminator, when the films could be adjusted until the markers adjacent to the films (i.e. the 
letters) were superimposed. The displacement of the defect compared with the displacement of the 
marker on the inner side of the bore (i.e. A) indicated the depth of the defects from the surface. 


RaDIOLOGicaL REPORT. 

The radiographs ot the rim record numerous surface marks on the casting, particularly gashes on 
the outer surface made during the burning off of the blended feeder heads. Such recordings are 
marked $.M. on the films. Slight shrinkage porosity (SH) is revealed in rim sections WX, YZ and 
CI, 

The radiographs of the central portions of the bore reveal four longitudinal hot tears or cracks 
(T). It is clear from the double exposure that these have their origin at the outer surface of the 
bore, between the radial arms. Although these tears are not actually visible on the surface of the 
casting, it is evident that they originally penetrated to the surface, and that their outerop has been 
masked by the feitling operations carried out in removing the core sand. 

ConcLovsion. 

No defects of serious consequences were found in the rim of the casting. The hot tears revealed 

in the bore of the wheel might be subject to welding repair, should their removal be thought desirable. 


Signed . ares ; 
Radiographer. 


= RADON SOURCE 
Fre. 1. 


Fia. 2. 


Hub 
Section 
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Section 
W-X. 
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DISCUSSION ON 
MR. F. C. COCKS’ AND MR. H. N. PEMBERTON’S PAPER 


on 


RADIOGRAPHIC INSPECTION. 


MR. 8. W. BOLWELL. 


This paper will serve admirably as an intro- 
duction to radiography, and the Authors are to 
be congratulated on their success in compressing 
so much information into it. 


I agree with Mr. Pemberton that it is not 
essential that every Surveyor should have a full 
radiographic training. I do think, however, that 
it will be necessary for every Surveyor to become 
a competent radiologist. 


The terms “radiographer” and “radiologist” 
are often used indiscriminately ; strictly speaking, 
the radiographer is concerned with the making 
of radiographs, the radiologist with their inter- 
pretation. 


It is the duty of the Inspector or Surveyor 
to decide on the evidence of the radiologist’s 
report whether the work under examination can 
be accepted, having regard to the importance of 
the member or joint in the structural scheme. 
Now, Lloyd’s Register is an independent body, and 
it seems to me most undesirable that Surveyors 
should be dependent on the report of a radiologist 
employed by the firm whose work they are super- 


Vising. 


To my mind, it is rather like testing a tank 
by accepting the foreman eaulker’s assurance that 
it is all right. 


Our engineer colleagues have had some years’ 
experience of radiographic examination of welded 
pressure vessels, and I understand that they in- 
variably examine radiographs themselves, so that 
they do in fact act as radiologists, whether they 
have been trained as such or not. 


I suggest that, while some guidance in the 
interpretation of radiographs is obviously neces- 
sary in the first instance, the best training is 
provided by actual experience. The macrosection 


of the joints radiographed is, of course, a most 
important factor in establishing confidence in 
one’s interpretation. 


If Surveyors are to act as radiologists it is 
desirable that they should know sufficient about 
radiography to be able to assess the quality of 
a radiograph as regards (a) density, (b) contrast, 
(c) definition and (d) any defects due to improper 
handling or processing. With regard to the last, 
there is a very complete list of possible defects 
and their causes in Appendix C. 


Its usefulness would be increased by the 
addition of a note to the effect that a large pro- 
portion of such defects affect one side of the film 
only, and for this reason both sides of a radio- 
graph should be examined by reflected light. 


Any mark that shows on one side of the film 
and not on the other can be said quite definitely 
to be a handling or processing defect. 


The question of acceptance standards in ship 
welding is a very thorny one, and I rather suspect 
that Mr. Cocks has deliberately steered clear of it. 
In the case of welded pressure vessels there is no 
real difficulty, since in this class of work virtual 
perfection is insisted upon, the only defect per- 
mitted being a very slight amount of porosity. 


In the case of welded joints of ship structures, 
however, the problem is not so simple. It would 
be neither practicable nor desirable to require the 
same high standard of welding throughout the 
ship. 


In Holland an approach to the problem has 
been made by grading the welders into classes as 
a result of the radiographie examination of 
specimen welds. The various parts of the ship’s 
structure are also classified according to their 
importance, and only welders whose work reaches 
a certain standard are allowed to weld members 
of primary structural importance. | Probably it 


will be found necessary to adopt a scheme of this 
nature when radiography is introduced into our 
own shipyards. 


I think it will be agreed that the fact that a 
welder can turn out a perfect practice weld is 
absolutely no guarantee that he will continue to 
turn out work of the same quality under actual 
working conditions, and it is therefore essential 
that check tests of each welder’s work should be 
made on the ship. Obviously the mobility of the 
X-ray set is of the utmost importance, and it is 
to be hoped that sets will ultimately be designed 
of greatly reduced size and weight compared with 
those now available. 

Mr. Cocks has referred to the scheme approved 
by the Clyde Shipbuilders’ ‘Association. The first 
X-ray set ordered in connection with this scheme 
has now been delivered and put through a number 
of tests, and it is thought that a few remarks 
_ on the results may be of interest. 


This set is of 150 k.v. and is generally similar 
to that shown in Fig. 12. The total weight is 
approximately one ton, and the generators and 
control unit have been mounted on a bogie to 
facilitate transport. It is obvious that staging 
of a substantial character is required to support 
a set of this size and weight and to reduce sway 
and vibration to a minimum. 


The set was used to radiograph welds at a 
number of selected positions on the shell, decks 
and bulkheads of a ship. The positions were 
widely separated, and it was found that under 
these conditions it was possible to make only five 
radiographs in a working day. It is perhaps 
hardly necessary to point out that normally the 
set would not be used in this way, and there is 
no doubt that with proper planning the output 
would be considerably increased. 


Kodak Ultra Speed salt sereens were used in 
order to minimise exposure times, the exposures 
being of the order of 25-30 seconds at a tube-film 
distance of 28 ins. The resulting radiographs 
were of excellent quality as regards both contrast 
and definition. Incidentally, they afforded con- 
vineing evidence of the need to improve the 
standard of shipyard welding, since every weld 
examined was found to contain gross imper- 
fections. 

For the purpose of comparison, tests were also 
made using gamma rays, the source being pro- 
vided by 200 mg. of radium. Exposure times 
were of the order of 20-30 minutes at a souree- 
film distance of 10-12 ins. The radiographs 


so obtained compared very unfavourably with 
those yielded by the X-ray, being thin and lacking 
in contrast. 

It was estimated that an output of 12 radio- 
graphs per day could be achieved using radium 
or radon, but if allowance be made for the 
greatly increased exposure times which would 
be necessary in order to secure radiographs of 
optimum density it is evident that this figure 
should be very much reduced. 

Working on a fixed site or in a welding shop, 
the advantage as regards output would be entirely 
with the X-ray set. 


There is a further disadvantage associated with 
the use of radium or radon; in order to keep 
the exposure time within practical limits, the 
source has to be placed about 10 in. or 12 in. 
from the object to be radiographed. This means 
that only about 6 in. of a weld can be dealt with 
at a time, whereas an X-ray set, working at a 
tube-object distance of about 30 in., can radio- 
graph a 15 in. length at each exposure. It 
follows that where 100 per cent. radiographic 
inspection is required two and a half times more 
exposures are required with gamma rays than 
with X-rays. Even for the examination of 
sample welds a radiograph of a 15 in. length 
is obviously to be preferred to one of a mere 6 in. 


There is an apparent contradiction in the 
section of Mr. Pemberton’s paper dealing with 
“Seatter,” where it is stated in one paragraph 
that the use of lead foil increases exposure 
time compared with that required without the 
lead, and in the next paragraph that lead toil 
has an intensifying effect on the X-ray film, 
which, of course, implies that the exposure time 
is reduced. The fact is that the effect of lead 
foil depends on the kilovoltage used; at low 
kilovoltages more exposure is required than 
without the foil, and it is only at high kilovoltages 
that there is a reduction in exposure. 


The intensifying factor of lead foil is always 
small: that of salt screens may be anything from 
20 to 100, again depending on the kilovoltage 
used. The great advantage of salt screens is that 
they allow the kilovoltage to be reduced, thus 
enabling us to obtain greater contrast—and 
contrast is the most important factor affecting 
sensitivity. It might be emphasised that it is not 
possible to combine the maximum contrast and 
the best possible definition in a single radio- 
graph; ie., for a given exposure time. For 
maximum contrast we must use salt screens and 


reduce the kilovoltage as much as_ possible, 
accepting the loss of definition caused by the 
salt sereens. 


For the best definition we must use lead 
sereens, Which necessitate higher kilovoltage with 
consequent lack of contrast. 


It is as well that Surveyors should know this, 
since they may on occasion be required to decide 
which is the more desirable quality in the radio- 
graphing of a particular job. It is suggested 
that for general work in the shipyard and 
especially for training purposes, where as vivid 
a picture as possible is desirable, salt sereens 
should always be employed, while lead sereens 
should be used for the critical examination of 
welded joints of primary structural importance. 


Lastly, it is suggested that the addition of a 
select. bibliography would be of value to those 
who wish to pursue the subject beyond the limits 
of this paper. 


MR. A. HEAP 
Our thanks are due to the Authors for an 
instructive paper, ample proof of its value being 
provided by the abundant discussion it has 
prompted. 


Radiographic inspection of welding in ship 
structures presents a very different problem from 
that of welded pressure vessels, and whilst it is 
agreed that some method of X-ray examination of 
the former will help to ensure sound welding, 
the commercial and labour aspects, together with 
practical application difficulties, will require to 
be borne in mind. 


Commercially the questions of initial cost, 
upkeep and, above all, the possible loss of produe- 
tion time whilst the apparatus is being rigged 
and the photographs taken are of great impor- 
tance to the Shipbuilder, whilst any further 
elaboration of the system of marking and 
recording welds would not be generally welcome. 


The possibility of objection by the welders 
would depend to a great extent on how the 
subject was introduced, and whilst not being 
directly associated with the labour side of ship 
construction, the outport surveyor comes into 
daily contact with the management, the men, 
and their problems. The X-ray method might 
be a good basis on which to class welders, but 
the management have pointed out a problem 
which presents itself. The “upgrading” of a 


welder will be accepted, but it is a different 
matter to “downgrade” a man. 


Avoidance of vibration is an essential in 
obtaining satisfactory radiographs; this, I gather, 
would preclude the carrying out of tests at the 
ship during working hours, with the result that 
psychological value would, to a great extent, be 
lost. Perhaps Mr. Cocks will confirm this. 
To carry out the examination of welding shop 
and skid samples will be of some guidance, but 
the standard of welding at the ship itself, where 
current variation may be greater, accessibility 
more difficult, comfort non-existent, and weather 
a doubtful factor, may be rather different, and it 
is here I submit that defective welding is more 
likely to be produced. 


! should be glad to learn from Mr. Cocks 
whether the majority of welding failures occur 
in the deposited or in the present metal adjacent. 
If the latter be the case, it would appear that 
the welding (deposited metal) in itself was 
efficient and that the cause of failure must lie 
in the design or the parent metal. This 
possibility is advanced in papers where noteh 
brittleness and plastic flow are considered; 
further, we note that a large proportion 
of failures oceur in the same parts of ship 
structures. 


Despite the objections, concrete and imaginary, 
there is no doubt that some form of X-ray 
examination will help in ensuring a high standard 
in shipyard welding, and those of us whose duties 
include the attaining and maintaining of that 
high standard will benefit from a course in radio- 
graphy in order that we may detect the flaws, 
correctly assess their relative importance, and 
diseuss the whole problem with some degree of 
knowledge and assurance. 


MR. W. D. LYDERSEN. 

In Denmark the regular use of X-ray for 
examination of welded ship construetion is now 
generally adopted, but until now no yard has 
its own plant. Instead, use is made of “Dansk 
Svejsecentral” (“Danish Welding Central”), 
which is a body governed by “Akademiet for de 
tekniske Videnskaber” (“The Academy for 
Technical Science”). 

The number of films to be taken and the 
places where they are to be taken on the ship 
are specified by the yard in conjunction with 
the Surveyor to the classification society and the 
number lies between 150 and 170 for an ordinary 
cargo ship of about 10,000 tons D.W. 


The whole outfit for X-raying is fitted on 
motor vans and specialists in X-raying accom- 
pany the vans. The films taken are developed 
immediately afterwards so that any faulty 
welding can be rectified at once, and the welding 
diseussed with the yard officials or the welders. 


Up to the present it has mainly been the 
welding of seams and butts that has been 
X-rayed, as certain difficulties, not yet fully 
overcome, have been experienced when the 
connections between the stringerplate and the 
shell have been required to be examined. The 
engine seatings are now and then also examined, 
especially in cases when high-powered machinery 
is to be installed. 


On completion of the X-raying ‘Dansk 
Svejsecentral” makes a report describing in 
general the welding of the ship and a report of 
each film taken. The abstract of the report may 
read as follows : 


Film Frame. Strake. Side. 
No. 


38 44) O/D SiS. 


Remarks. 


A little porosity of 
minor importance. 


66 52} F-G PS. Few slag enclosures and a 


small crack-see Film 66 A. 


(The weld in question is 
cut up, re-welded, and a 
new film taken numbered 
66A.) 


A few pores and little 
slag enclosures, but all 
considered of minor im- 
portance. 


109 612 Deck PS. 


145 Engine Tank P.S. No visible faults. 


room top 


(The C/D signifies that the film is taken in a 
butt in the “C” strake up to the “D” strake, and 
F-G signifies a film in the seam between “F” and 
“G” strakes.) 


As previously mentioned the “Remarks” are 
discussed whilst the X-ray vans are at the yard, 
so that either a new film may be taken or the 
faulty welding made good. 


On completion of the welding of the ship all 
the films, together with the report, are forwarded 
to the yard for perusal, and the films are after- 
wards returned to “Dansk Svejsecentral” for 
storage. 

As the service of the X-ray van is requested 
several days beforehand no special attention is 
paid to weather and temperature, as this would 
be impracticable. 

Due to lack of foreign curreney it has not 
yet been practicable for each yard to get its own 


plant, but the opinion amongst the yards is in 
general that in order to get the full benefit of 
X-ray each yard must have its own plant and 
experienced men, and the yards are now aiming 
towards this. 


MR. H. R. GIBBS. 

We are much indebted to the Authors for 
their very informative paper on a_ subject 
which will become eventually a daily part of 
our surveying duties and will demand ever more 
specialised knowledge on the part of the 
Surveyor. 

Whilst it would appear that X-rays do not 
have the same limitations as gamma rays, there 
is no doubt that exposures by gamma ray are a 
most valuable deterrent to bad workmanship, 
although it is understood that owing to the 
searcity of the requisite material in this country, 
its use is very restricted. I would like to quote 
actual figures of gamma radiographs (by radium 
salt) recently taken on some American built 
vessels. On the first hull of the vessels in 
question some 304 exposures were taken and in 
50 of these (about 16 per cent) defects were 
found. On the eighth vessel 810 shots were 
taken and in the case of 80 (about 10 per cent) 
it was found that defects existed. This 
investigation by gamma ray was undertaken 
on the initiative of the Builders and included 
all the intersections of the shell and shelter 
deck butts and seams, the welded butts 
of the strong hatch end beams and the butt 
welds of the insert pieces at the radius 
hatch corners, as well as miscellaneous shots 
taken at random from various parts of the 
structure at the discretion of the Surveyor or the 
Welding Engineer. The improvement in work- 
manship should be observed. All defective welds 
were cut out in the presence of the actual welder 
and the defects found were compared with the 
exposures, the results being most instructive to 
all parties concerned. In this yard the use of 
gamma rays almost entirely replaced sub-surface 
investigation by probing, and proved a most 
valuable addition to the Shipyard’s methods of 
supervision and control. 


MR. S. ARCHER. 

The Authors are to be congratulated on pro- 
ducing a clear and concise account of present-day 
X-ray inspection technique, and a careful study 
of their paper is very well worth while even for 
those of us who are not called upon to pass 
judgment on X-ray negatives. 


There are just one or two points I should like 
to raise with Mr. Pemberton. 


On page 1, top of second column, he uses the 
words “intensity (i.e, penetrating power)”. 
Whilst only a small point, it is felt this might 
lead to confusion, and it would be preferable to 
confine the word “intensity” to mean “electron 
density” (i.e., as controlled by cathode filament 
current) rather than “penetrating power” which 
is, of course, controlled by tube voltage. 


Would it be true to say that y-rays (radon) 
cause less “scatter” than X-rays, and if so, is this 
on account of their much shorter wavelength? 


The report on the radiographing of a gear 
wheel casting (Appendix D) was of particular 
interest. A case had been noted recently of a 
cast steel gear wheel for an oil engine installation 
in which defects were revealed in a considerable 
number of teeth after hobbing. The wheel had 
to be renewed after a relatively short period of 
service with resulting loss of time and money, 
some of which could doubtless have been avoided 
if radiographie inspection had been used before 
hobbing. 


The value of radiography in revealing casting 
defects such as porosity, shrinkage cavities, blow 
holes, ete., is undoubted, more particularly when 
such faults are of a systematic nature brought 
about by faulty design or foundry technique. 


Mr. Pemberton’s views on the desirability of 
making it a Rule requirement for cast steel gear 
wheel rims to be X-rayed before hobbing would 
be of interest. 


Although perhaps not strictly covered by the 
title of the paper, Mr. Pemberton’s views on the 
future possibilities of X-ray diffraction methods 
of stress analysis would be appreciated. It has 
hitherto been assumed that the method has been 
somewhat cireumseribed in its application owing 
to difficulties of interpretation arising from the 
effects of surface work hardening during manu- 
facture. 


On the structural side Mr. Cocks has pointed 
out that, although the problem is basically 
similar, radiographic inspection methods may 
require considerable modification due to physical 
difficulties in the shipyard, and are much less 
capable of reduction to a standard procedure. 


Tt would be of interest to know whether X-ray, 
or radon, examination has been employed on 
major ship castings or whether the number of 


failures in such parts is so small that the expense 
of radiography is not warranted. 


In the old days the foundryman could probably 
seldom appeal with any hope of success against, 
a Surveyor’s decision to reject a faulty casting, 
since it was often very difficult, if not impossible 
to gauge the true gravity of a defect from surface 
evidence only. To-day, however, in doubtful 
cases it may be possible to defer judgment at 
least until radiographie examination has been 
tried. 


MR. H. G. L. PILDITCH. 


I should like to express my thanks to the joint 
Authors of Radiographic Inspection, which I 
found an interesting and valuable paper, because 
this work is increasingly coming into the field of 
ordinary surveying duties. Like many scientific 
subjects, once the experts have kicked it around 
for a bit the practical value is introduced to the 
workingman as a new relation, and, whether he 
likes it or not, it is necessary to get acquainted 
if only for peace of mind. 


Without any form of training, or the advantage 
of this paper, I was introduced to this branch 
of survey work during the last war, and was 
held responsible for the examination of some 
thousands of radiographs, both X-ray and 
gamma ray. Thanks to the helpfulness and 
integrity of the welding experts and radio- 
graphers with whom I came in contact, I was 
able to get through the teething period, not 
without a lot of worry, and acquired some con- 
fidence in querying certain defects other than 
thumb marks and nail seratches. 


Among many ship and engine parts being 
welded and X-rayed was an all-welded Scotch 
marine boiler. The welding conformed to Class 1 
pressure vessel rules, the longitudinal and cireum- 
ferential shell seams being 90° double vee butt 
joints, welded by the Union Melt process. All 
I was told was that, as the boiler was an innova- 
tion, the greatest care had to be taken, as any 
failure was likely to raise repereussions whieh 
would travel round the world. In view of a 
global war being on at that time, this was not 
a helpful start. A total of forty-three ships 
were fitted with these boilers, two per ship, all 
shell seams X-rayed, and so far no complaints. 


Joint preparation, and in the ease of castings, 
correct position of headers, feeders, ete., is very 


important, and more attention to these items 
would eliminate many defects later appearing 
on radiographs. Radiographic technique is also 
important, but, as stated in the paper, is not 
standard. A standard appears to me to be un- 
avoidable until films, screens processing, ete., are 
uniform. Films kept over a certain period will 
affeet radiograph results, and various firms 
manufacturing radiographic equipment have 
their own patents and methods of use. Hence 
the experienced radiographer, knowing these 
differences, is obliged to vary his technique to 
suit, and two radiographers using the same X-ray 
tube do not always use the same methods. Much 
could be said about sereening, but I feel that 
I am getting into deep water. 


In eases of doubtful shadows and marks on a 
radiograph it was usual to obtain the opinion of 
two experienced radiographers, the Surveyor 
being guided by this and the practical aspect of 
the weld in question as to whether the weld 
should be opened up and rewelded. In all cases 
where a repair is made a second radiograph 
should be made to confirm that the original defect 
is eliminated. All defects on films are suitably 
marked, together with the retake. 


I should like to know whether there is any 
opinion as to how long radiographs should be 
kept after a manufactured article has been 
accepted and, if at all, for what reason? 


With regard to Class 1 welding, I have seen 
bad slag inclusions and porosity shown up in 
radiographs, generally due to faulty operation of 
the welding machine, and yet the weld test plates 
were satisfactory. This proves the value of 
radiography, and it is usually true to say that 
improvement in welding is generally obtained 
when the welders realise that X-raying is not 
done just to condemn their work. 


Certain standard “acceptable” and “not accep- 
table” radiographs are proved to radiographers 
in the U.S.A. and Canada, but, unless all other 
facts are fully understood, I feel that they might 
be dangerous to the average Surveyor who only 
does this work occasionally. 


To conclude, I would suggest that, with the 
data from this paper, together with the discussion, 
sufficient information could be assembled to 
compile a guide to Surveyors on Radiographic 
Inspection, similar to the paper on Steel Testing 
which has been a prop to many a young Surveyor 
in the past. 


MR. T. P. GIBBESON. 


I would like to congratulate the Authors on 
putting before us this evening a most interesting 
and instructive paper. It is a subject about 
which all of us know something, but I’m sure 
would like to know more. Mr. Pemberton has 
explained very clearly and in simple language 
how an X-ray plant functions and how radio- 
graphy can be applied to pressure vessel work. 
Much simpler and easier to understand than one 
will find in many text-books I am sure. 


Mr. Cocks has given us a very good outline of 
this method of inspeetion as applicable to ship 
construction. 


The photographs of welds acceptable and not 
acceptable in Class I welding are most 
interesting. Stress is laid on the crack which is 
considered to be the major or most serious defect 
and which the X-ray film may or may not show, 
depending on the technique employed. 


As has been stated in “Foreword,” Appendix B, 
it is the Surveyor’s job to assess the significance 
of the defects pointed out to him by the trained 
radiographer. The Surveyor may sometimes 
come up against a difficult problem to solve. 
The radiograph of a Class I pressure vessel may 
show an isolated slag inclusion with tiny cracks 
radiating from the corners or with a tail on its 
extremity. This type of defect leaves a doubt 
in the Surveyor’s mind as to whether it is of a 
serious- nature or not. Would Mr. Pemberton 
recommend in this case the slogan: “If in doubt 
cut out’? Would he consider a fine crack 
localised near the outside edges of the weld less 
serious than one, say, in the centre thickness, 
which might tend to work out? 


If the repairs -entailed eutting out a con- 
siderable number of defects over a length of the 
welded seam, with an X-ray examination 
afterwards to make sure they had all been 
removed, would he recommend the vessel to have 
an intermediate heat treatment in the event of 
further repairs being necessary? 

Finally, when a vessel is undergoing a special 
No. 3 Survey for hull and machinery and the 
boiler is of welded construction, and found in 
rather a poor state of repair, would the Surveyor 
be justified in recommending certain portions, if 
not all, of the welded seams to be X-rayed, in 
order to ascertain if the weld was sound after a 
period of service? A crack which might have 
been missed or overlooked when the X-ray films 
were taken, when the boiler was new, might now 


have extended under stress of working conditions, 
but not visible to the naked eye, and could be 
spotted and checked before developing into a 
serious nature. 

This examination would depend, of course, on 
an X-ray plant being available and the 
acquiescence of the Owner's’ Superintendent. 
The expense involved would most likely be a 
deterrent and the “Super” would probably 
remark: “What, are you looking for trouble?” 
But that is exactly what we do look for when 
we are on a survey, but we often hope we don’t 
find it. Mr Pemberton’s views on this point 
would be appreciated. 


I would again like to thank the Authors for a 
most interesting paper. 


MR. K. C. BALMER. 

I would like to thank the Authors for their 
paper and agree with Mr. Boyd that the concise 
and practical nature of these papers makes them 
extremely useful. 

There are only two questions I would like to 
ask. Mr. Pemberton stated in his introduction 
that sensitivities as high as 5 per cent are 
attained in the U.S.A. using higher kilovoltages, 
to reduce exposure time, and lead screens. This 
is not quite understood since higher kilovoltage is 
usually associated with loss of contrast, a point 
to which Mr. Pemberton refers in the paper 
under the heading of Radiographic Quality. 

In regard to Mr. Cocks’ paper, it is under- 
standable that shipbuilders do not relish the high 
cost of X-ray examination. Would it be 
satisfactory to X-ray only those parts of a ship 
where it is known that high stress conditions 
arise, and is partial radiography of this nature 
used in shipbuilding? 


MR. B. G. DE BRAY. 


One point I should like to raise in connection 
with Mr. Pemberton’s paper refers to Fig. 6, 
page 14, which deals with the tube shift method. 
It would appear that the ratio of the movement 
of shadow of the defect to that of the top mark 
should be equal to the ratio of the depth of the 
defect from the bottom surface to the full 
thickness, and not the top surface as stated. 

Mr. Cocks mentions the use of magnetic and 
fluorescent crack detection methods. Would he 
kindly state whether the fields of application of 
these methods overlap that of radiographic 
inspection, and if so what are their relative 
advantages? 


MR. T. NELL. 

I have found this a most interesting and 
informative paper, and would be pleased if the 
Authors will add a little more information in 
regard to the following items :— 


1. In the paragraph on page 4 relative to 
image distortion, stating that the X-ray 
beam should be normal to the surface, can 
it be assumed that the surface referred to 
is that of the negative and not the weld 
under examination? In the tube-shift 
technique (diagram page 14) the second 
position obviously cannot be normal to 
either. 


i) 


In the box girder (on page 15) or similar 
construction, does the image of two welds 
appear on the negative? Lf so, is there.any 
difference in the density, and can both be 
interpreted equally? 


3. When a circumferential weld is X-rayed is 
there any distortion on the negative, and, 
assuming there is, does it affect the inter- 
pretation of the radiograph? 


4. Can the Authors state if there is scope or 
possibility of using visual sereens, particu- 
larly on shipwork, and, if so, will they 
prove advantageous? 


Where specimens or test pieces are cut to 
display defects shown on the radiograph, this 
would not appear to present any practical diffi- 
culty. If, however, a production weld on a ship 
is shown defeetive on a radiograph, and it is 
desired to convince the welder of his fault, can 
the Authors indicate a method of doing this, as 
I cannot imagine that the average shipyard 
caulker is capable of cutting out with the care 
required, 


In conclusion, I wish to thank the Authors for 
a paper which should prove of great value to all 
Surveyors. 


MR. G. M. BOYD. 


This very concise and practical memorandum 
on Radiographic Inspection deserves wider cireu- 
lation than our Association can give it, and I 
hope that the Authors will avail themselves of 
their right of publication. 

Radiographic Inspection has another psycho- 
logical effect than that mentioned by the Authors, 
in that it may unduly alarm the inspector by 
revealing faults which, although unesthetic, may 


not be objectionable. This brings up the vexed 
question of standards of acceptability, and I 
would welcome the Authors’ view on whether such 
standards should be laid down or left to the 
inspector’s discretion. 

Mr. Cocks remarks, on page 10, that to X-ray 
sufficient of the work to afford conclusive evidence 
of its general quality would be prohibitive. — I 
believe that here we might get some help from 
the statisticians on the following lines :— 

If 20 random foot lengths, out of a large 
footage of welding, are photographed, and five 
of the photographs (i.e., 25 per cent.) are found 
defective, then there is :— 


(1) a 75% certainty that the total number 
of defective feet in the job 


will not exceed Pega 
(2) 290% ~,, ” ” ye) 41% 
(3) a 95% ” ” ” ” 46% 


A table could be constructed extending the 
above figures to other sizes of sample and other 
percentages of defectives found in the sample. 


It.is perhaps desirable to underline the remark 
made by Mr: Cocks on page 1 regarding other 
inspection methods which have a useful place in 
the general picture. A concise review of some 
such alternative methods has been given in the 
Admiralty Ship Welding Committee Memo- 
randum M4, “The Examination of Are Welds in 
the Shipyard” (H.M.S.O. 1946, 1/- net). 


MR. P. H. VAN DER WEEL. 


In Holland the “Réntgen Technical Service” 
gives of every film a critical report and a cipher 
of appreciation, ranging from 1 to 5, 

1 is faultless. 
2 is good. 
3 is acceptable; the weld contains faults 
which are not considered harmful, but 
which can be avoided. 


4 is doubtful and acceptance is subject to 
consideration in the light of cireum- 
stances. 

5 is unacceptable. 

This standard seems rather of a subjective 
character, but I think could hardly be otherwise. 
What seems important is the fact that the 
inspecting authority has sufficient liberty to 
reject the number 4 without his decision being 
jeopardised by consideration of rigidity, that is, 
when X-raying does not closely follow the welding 
procedure, 


Several shipbuilders therefore feel the need of 
having their own X-ray plant and trained crew. 
One yard at Amsterdam has acquired a 150 k.v. 
tube and makes extensive and timely use of same, 
also on sub-assemblies and Union Melt welds in 
the shop. 


For small shipyards this seems a costly affair 
and the “Roéntgen Technical Service” will pro- 
hably continue to play an important réle. 


The difficulty will remain to attain uniformity 
in judgment, and it is particularly important 
that the Surveyors are acquainted with the 
elementaries of X-raying and with the importance 
of various inhomogeneities as disclosed by the 
X-ray film. 


There has been a controversy in Holland 
whether X-raying should be limited to tests on 
small vertical test pieces as a periodical (six 
months) test on the operator’s skill or whether 
the production welds should be checked on board 
(every weld being identifiable). 


I think that we should continue to do the one 
as well as the other, without exaggerating its 
value, which is more preventive for the future 
than repressive. The welding of vertical vee 
joints in an 8 mm. plate for a periodical test 
can easily be trained for, while X-ray check 
testing on production welds has its limitations, 
as indieated by Mr. Cocks. 


Fillet welds, as Mr. Cocks remarks, are diffieult 
to shoot, lack of root penetration may not be 
revealed. Practically impossible to X-ray are 
fillet welds at hatch corners, of girders, gunwale 
connections and other shell connections. The 
shots we can and do take at diseontinuities are 
not the ones that count most. 


The “Réntgen Technical Service” started in 
1938, several shipbuilders having contracted for 
an annual number of feet of X-ray photos. On 
this basis it was not difficult for the Surveyors 
to obtain X-ray check tests on partly welded 
ships. We used to agree on two checks on keel 
butts, two on centre girder butts, four on butts 
of bottom plating, four of bilge plating, four of 
side plating, four of top side plating, four of 
stringer plates of strength deck. Also a few 
breaks and occasionally on such butt welds which 
had been of difficult access or which had given 
cause to doubt their quality. Sometimes a few 
checks were taken on seams of heavy tank top 
plating in motor room. At that time about 36 
shots, which compare favourably with the 100 


—_ 


shots taken at Kockums in 1944, on all welded 
tankers. The results were consistently good in 
the big shipyards; in small and remote shipyards 
X-raying could not often be arranged for. Some- 
times the owners prescribed X-raying. 


Various attempts were made on the Continent 
in order to establish standards of correlation 
between inhomogeneities as disclosed by the X-ray 
photos and the strength of the joint. 


1. Belgium 1938, Prof. Homés: Porosity 
and fatigue strength of welds in mild 


steel. 


2. Germany 1938, Hempel & Miller: Rela- 
tion between X-ray results and fatigue 
strength of welds in mild steel. 


5. Germany 1943, Keller & Klein: Static 
and dynamic strength of welds in low 
alloy steel and the limits of detection 
of defects by means of X-rays. 


f” Holland 1946, Dr. Schoenmaker: Re- 
lations between X-ray results and 
mechanical properties of deposited steel 
and welds in mild steel. 


The results were not always conclusive, there 
being considerable scattering; another difficulty 
being how to measure the degree of inhomo- 
geneity. 


Hempel & Moller (2) had eliminated the great 
influence of undereutting by polishing the test 


pieces. Separate results were given for various 
defects. 

No. of Fatigue 

Tests, Strength. Percentages. 


Base material 
polished 1 
Base material 


32 KGlmm2. 100°] 


as rolled 8 22 100 
Good weld — light 
porosity 10 20 63 91 
Good weld — light 
slag incl. 12 13 41 68 
Light defects in 
root penetr. 9 13 41 61 
Gross slag incl. 9 8 25 46 
Gross defects in 
root penetr. 12 6 i) 27 
(heavy coated electr. — downhand — cycle of load: 


+ 150 KG plus C= -05 — Mn = -47 — P + §=- 
088 =CU =*12.) 


The results look rather serious and speak in the 
favour of X-ray control. 


Keller & Klein (3) found that 5 per cent of 
their 200 test pieces gave faultless X-ray photos, 


whilst upon destruction various defects of 
root penetration, fusion or cracks were found, 
amounting to 10 per cent of the section. 30 
per cent of the test pieces showed defects 
stretched in the direction of the X-ray beam; 
60 per cent proved afterwards to have defects 
helow the linear possibilities of the X-ray film. 


It is thought impossible to establish correlation 
between eracks and strength of welds. 


Schoenmaker (4) investigated gas porosities. 
While Prof. Homés had tried a spectrometric 
method to graduate porosities, Schoenmaker 
simply distinguished between no porosity—light 
and very heavy porosity, without attempting to 
follow the American method of density per 
surface unit. 


Statie and impact. tests showed no influence, 
but fatigue bend tests (round, deposited) . show 
marked differences. 

(Tensile 47-7 — 49-9. 
C — 05 —-08. 


Elong. 34%. 

Mn ‘74 —°85. Si-46 — 53.) 
Fatigue value. Impact value. 
No porosity ; 28 KG 21:3 KGM/em:s 
Light porosity bss 2B: 55 21°1 


Very heavy porosity... 15. ),; 20 


Schoenmaker also investigated the relation 
between lack of root fusion and fatigue bend 
tests on flat test pieces, showing various degrees 
of lack of root fusion as disclosed by X-rays. 


Various forms of vee butt welds: the X-ray 
film clearly showed the defects, but did not allow 
visual differentiation. The influence on the fatigue 
value was substantial (25 per cent), but could 
not be classified. 


Schoenmaker finally investigated the relations 
between undereutting and fatigue bend values 
(flat test pieces) (notch effect). This would seem 
to have little to do with X-ray examination, as 
undereutting can be detected with the naked eye, 
but the experiments are interesting. 

Fatigue Values in % 


Yo 
corrosion. 


Corrosion, 


Base material 100% BD 
Down hand weld. no undercutting 90 45 
Vertical weld «1 m/m undere 75 25 
‘1 — 1:0 mm undere. 55 20 

10 + 15 mm a4 35 £5: 

(Steel 41 — rectangular section — underside 


machined.) 


My own impression is that these investigations 
are on a wrong track. Interesting so far 
that they show the influence of certain X-ray 
phenomena on the strength of a joint, but it 
will prove, I think, illusory to wish to measure 
or standardise correlation between projected 
shadows and fatigue tests, if fatigue tests are the 
thing, which T do not know. 

Prof. Haigh’s fatigue values for sound 
production welds in ship construction confirm 
German investigations; 30 per cent loss of 
fatigue strength is quite common. This brought 
Thum & Erker to the somewhat loose conclusion 
that in the case of non-machined welds a certain 
degree of clearly visible inhomogeneities would 
not harm, as anyhow the often inevitable under- 
cutting would lower the fatigue strength in an 
equal or greater measure. 

This ‘brief review of various results tends to 
make: us rather pessimistic. On the one hand 
the X-ray photo has its definite limitations : 
cracks, lack of fusion of some dimensions are 
difficult or almost impossible to detect; minute 
cracks are not shown at all; metallographic 
conditions of the weld eseape entirely the 
X-ray eye’s attention, and I pass in silence the 
possibility of poor X-ray technique. What 
inhomogeneities the X-ray film discloses should 
be taken seriously. X-ray tests, however, remain 
check tests. Their value is mainly pedagogical 
and instructive. One bright point is perhaps 
that the artificial faults reported were very 
difficult for skilled operators to make. 
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Here we touch upon the main condition : 
training, sense of responsibility, good organisa- 
tion, lively interest shown by the Surveyors. 


Welded joints may be very good, and are then 
hetter than riveted. ‘Their quality, however, may 
more easily degenerate to alarmingly low figures. 
Control of workmanship and product is even 
more important than in the case of riveting and 
much more diffieult. 


Strength of ships seems to be a matter of 
margins. When riveting mild steel we felt secure 
in that margin. Modern scientific methods and 
analyses of damage reports made it possible to 
whittle down that margin a bit, without knowing 
exactly what its size was. When welding mild 
steel, we now know, this safe margin suddenly 
may vanish altogether. A metallurgical solution 
may be found; there will remain the other great 
dangers in welding ships, e.g., discontinuities, 
wholesale and detail—drop in standard of work- 
manship or organisation. Therefore X-ray 
control should be used when and where possible 
and be a Rule requirement when practical. 
X-raying should closely follow the welding pro- 
cedure. Easy welds in the shop should not be 
exempted, particularly not the automatic welds 
with their oceasional big size defects. 


Major position welds of big preassemblies 
should be liberally X-rayed; various builders are 
partisan of X-raying such welds entirely, irre- 
spective of the costs. 


Mr. Cocks’ Reply. 


To Mr. BoLWwett. 


The distinction between radiographer and 
radiologist is very difficult to define. It is true 
that the radiographer in certain applications may 
merely be the operator of the equipment, but in 
industrial radiography it is usual for the operator 
or radiographer to make a report of his inter- 
pretation of the films. It is indeed preferable 
that he should do so, because the technique 
employed in making the exposure will have a 
marked influence on the resulting interpretation. 
From the Surveyor’s point of view, therefore, 


should he be called upon to confirm or criticise 
the radiographic interpretation, it is essential 
that he should know something of the conditions 
under which the radiograph was made and the 
technique employed. For this reason a measure 
of experience in the actual taking of X-ray films 
would be of great benefit to the Surveyor. 

Mr. Bolwell’s remarks regarding adventitious 
marks or defects on the X-ray films are weleomed. 

The formulation of national acceptance 
standards based on radiographic examination 
has always been and still is a diffieulty which in 


this country has not yet been overcome. It has 
been attempted in other countries, notably the 
U.S.A. and Sweden, but with what success or to 
what extent is not known. It is believed, however, 
that in Sweden the standard is being applied 
mainly to the grading of welders. In the ease 
of pressure vessels the standard of acceptance 
is 100 per cent. In other structures, including 
ships’ hulls, this standard is impossible to attain 
economically, and is indeed unnecessary. What 
standard is required for the efficient service of 
such welded structures can be determined only 
hy experiment or experience. It is for this 
reason that the Society views the present use 
of radiography as a means by which the general 
quality of welding can be improved. It is being 
increasingly used for this purpose, and at the 


same time a considerable amount of data 
regarding the prevalence and magnitude of 


At the same time 
of the effect of 


defects is being amassed. 
experimental investigation 
welding defects on the fatigue strength o£ 
structures is being pursued. Until, therefore, 
conerete information is forthcoming from the 
latter investigation it would be unwise to tie 
the industry to an arbitrary standard. 


It is agreed that welders should be periodically 
checked during their work on site, and for that 
reason a portable X-ray set is invaluable. It is 
a matter of regret that the X-ray manufacturers 
have done so little so far in this direction, but 
it is believed that efforts are being made to 
lighten the bulk and weight of so-called portable 
apparatus, so that one day we may see a set 
which can be easily handled and used in almost 
any location on the structure. 


To Mr. Hrar. 


Although X-ray has been used to grade welders 
in some Continental countries, there is every 
reason to suppose that such grading would not 
be accepted here. As a result of radiographic 
cheek on test samples or production work, some 
builders in this country have classified their 
welders in regard to the quality of work for 
which they are capable, and only the best welders 
are employed on work of structural importance. 
This work carries higher rates, and by this means 
and by bonus additions, a wage differential has 
been introduced. 


The successful making of radiographs requires 
the best possible conditions for operation of the 
set, and one of these is undoubtedly absence of 


a i 


vibration or movement. While it would be 
preferable to confine the making of radiographs 
to periods when no other work was in progress, 
this would seriously restrict the output of the 
radiographer and his apparatus. This restriction 
is not necessary if work ean be conveniently 
halted for the time of the exposure within such 
a distance of the set as would otherwise interfere 
with efficient operation. In any case, the area 
surrounding the site being radiographed must be 
kept clear for safety reasons. With the present 
heavy apparatus the supporting staging, if used, 
must be substantial. 


Although not directly connected with radio- 
graphy, the question regarding failures in welded 
ships is interesting and deserves a reply. These 
failures have always originated at a sharp dis- 
continuity or notch, and this may be either in the 
parent material or in the weld. The majority 
of failures have started from defects in welds 
and have progressed in a few cases through the 
weld metal, but in most have left the weld and 
proceeded through the parent material. The 
path of the fracture is influenced by many 
factors, one of which is the state of the material 
in respect of temperature brittleness. If the 
fracture leaves the weld and proceeds through 
the plate, then it can be assumed that at the 
particular temperature at which the casualty 
occurs the material of the plate is more prone 
to brittle fracture than the weld metal at that 
temperature. 


To Mr. LypERSEn. 


That X-ray is in general use for examination 
of welded ship construction in Denmark is very 
interesting, and Mr. Lydersen’s deseription of the 
routine followed is of great value. 


It must be presumed that with the institution 
of X-ray the quality of welding has improved, 
and for that reason, if for no other, the use of 
radiography is justified. At first, however, it 
must have occasioned some doubts in the minds 
of Builders, Surveyors and Owners. So long as 
the results reveal no serious defects, everyone is 
happy, but when, as in Film 66, a erack appears 
of such nature as to warrant a repair, what is 
one to do? May there not be a thousand cracks 
in the welding of equal severity, but not in 
positions selected for radiography? 


Tt is felt that the most reliable use of radio 
graphy in shipbuilding is to be found in the 


control and improvement of welding, rather than 
as a means of inspection of finished welds. 


To Mr. Gress. 


The description of the use of gamma radio- 
graphs as a check on weld quality in two vessels 
built in America points to the psychological 
benefit to be gained by radiography. In all 
cases where radiographs are made the welder 
should be shown the result, good or bad. It is 
common experience that the welder is not 
resentful, is interested in the photograph, and 
invariably strives for improvement. 

Probing will do the same thing as radiography, 
but not so thoroughly and efficiently, and has the 
drawback that a welded repair has to be made 
even when no defects in the original weld have 
been discovered. 


To Mr. ARCHER. 

Large ship castings, having been dropped or 
hammered, and having no surface defects are 
presumed sound. In spite of careful inspection, 
however, flaws sometimes appear from inside 
the casting, becoming either uncovered when 
machining or developing in service. 


Such internal flaws would no doubt have been 
discovered by radiography, but since they are 
not frequently met with there has been no reason 
to press for a routine X-ray inspection of such 
castings. 

In castings, as in welds, it would be extremely 
difficult to lay down a standard of acceptance. 
So far as is known, the only use to which 
radiography has been put in the examination of 
stern frames, shaft brackets, ete., in this country 
has been an exploration of the extent of defects 
whose presence and position have been already 
established by visual examination of the surface, 
or an examination of the locality after a welded 
repair of such defects. 


To Mr. BALMER. 

It is the intention of most shipbuilders to use 
radiography principally in training their welders, 
in checking the reliability of their work, and in 
examining welding procedures before putting 
them into production work. 

By this means the average quality of the 
welding is scrutinised, and a gradual improve- 
ment looked for. 

It is also their intention, however, to examine 
particularly by X-ray or gamma ray such parts 


as may be called upon for high duty, to ensure 
that welding of such parts is above the average, 
and fully capable of performing that duty. 

So far there have been no serious complaints 
as to cost of apparatus, expensive though it 
is, and the probable reason for this is that 
positive beneficial results are being obtained 
which more than justify the cost. 


To Mr. bE Bray. 

Magnetic and fluorescent crack detection 
methods are for surface cracks only. If by 
reason of the nature of the work, such as welding 
in a closing plate under restraint, cracking is 
suspected, these methods are inexpensive and 
simple means of inspection. They are, however, 
for particular application, whereas radiography 
is for general application. 


To Mr. NELL. 


The welder must be convinced beforehand that 
what appears on the film is a representation of 
what exists in the weld. To do this it is advisable 
to introduce radiography to him during his 
training, or, if he is already trained, to radio- 
graph check samples made by him, and cut them 
up in the manner described in the paper so that 
the worst faults are uncovered in the section. 


To Mr. Boyp. 


It has been said that there are three degrees of 
prevarication : “lies, damned lies and statistics.” 


The application of radiography to the exami- 
nation of large structures is still in its infancy. 
As time goes on, and as inevitably its use becomes 
more widely spread, a mass of examples will 
accumulate. If it were possible to gather all 
these results together, then an extremely useful 
statistical survey could be made. Until such 
time, however, we must content ourselves with 
limiting the number of radiographs by hard 
economic considerations, and making the best use 
of the information, however meagre, which we 
can glean by such means. 


To Mr. VAN DER WEEL. 

Mr. van der Weel’s interesting contribution is 
greatly appreciated. It underlines the difficulties 
to be met with in attempting to formulate a 
standard of acceptance. The examples described, 
however, show the influence of internal defects on 
the efficiency of the weld, and point to the 
usefulness of radiography in improving the 
quality of shipyard welding. 
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Mr. Pemberton’s Reply. 


It was to be expected that considerable interest 
would be shown in this paper, and many points 
have been raised in the discussion which cannot 
be exhaustively dealt with within the space 
available. In selecting a few of these points 
for a brief reply the limitations of scope referred 
to in the second paragraph of Part 1 of the 
paper have been borne in mind. 

First, as regards standards of acceptability, it 
is quite practicable to produce a set of standard 
films showing the limit of acceptability for 
porosity and inclusions for different thieknesses 
of weld. It is also possible to translate these 
radiographic pictures into words and say how 
many spots of porosity and what size of slag 
inclusion might be permitted per lineal inch of 
weld. The basis of such standards would 
necessarily be one of experience of the various 
grades of welding workmanship, rather than 
the results of fatigue or any other form of 
mechanical test, for it is known that the usual 
mechanical test ean be misleading as a criterion 
of weld radiography. 

A British Standards Committee is at present 
deliberating on this problem, and in due course 
there is no doubt a B.S. Specification or Code 
will be issued which will at least serve as a 
guide to the interpretation of weld radiographs. 
There are, however, so many factors affecting 
radiography that some knowledge and experience 
of the subject is necessary before attempting 
interpretation. 

The verbal discussion revealed a certain amount 
of confusion regarding the use of lead and salt 
screens, and it may be that in the paragraphs on 
“Seatter” and “Intensifying Screens” in Part 1 
of the paper some clarity has been sacrificed in 
favour of brevity. 

The main advantage of lead sereens is in the 
absorption of scattered radiation. A secondary 
advantage is intensification without halation. A 
disadvantage, though entirely an economic one, 
is the longer exposure time necessary compared 
with salt screens. The technical advantages 
derived from using lead screens with fine grained 
film are sufficient to justify their use wherever 
critical examinations are required, 

Salt sereens do not in any way improve radio- 
graphic quality. Their only advantages are 


intensification and shortening of exposure time, 
It should be noted that the intensification obtained 
is accompanied by considerable halation effect, 
which offsets the value of the high contrast 
obtained. 


Definition is of more importance than contrast 
and should only be sacrificed when economie 
necessity compels the examination of various 
metal thicknesses in one exposure. 


Unfortunately in industrial radiography the 
economic aspect cannot be ignored, and it. is 
general practice to use low voltage radiography 
and salt sereens. The results are generally 
satisfactory so long as it is appreciated that 
fine cracks are unlikely to be revealed. 


The viewing of “low contrast” films requires 
special illumination. For the purpose of 
educating welders, therefore, it is probably 
better to sacrifice definition and go for maximum 
contrast when gross weld defects can readily be 
seen. 


In connection with the foregoing, it should be 
understood that “sensitivity” is more a matter 
of “definition” than “contrast,” though it is 
agreed that both qualities are involved. The fact 
that one is obtained only at the expense of the 
other suggests that in industrial work some form 
of “penetrameter” is required which will indicate 
the optimum radiographie conditions. Such a 
“penetrameter” has not yet been evolved, though 
it is considered that the Continental “wire type” 
is on the right lines. In the meantime, when 
viewing films it is important to use maximum 
and uniform illumination and avoid confusing 
“contrast” with “sensitivity.” 

A correction requires to be made to the state- 
ment under Fig. 6, which should read :— 


Depth of defect from bottom 
surface. 


Full thickness. 


Movement of “a” 


Movement of “C” 


Replies to several other queries raised in 
the discussion will be found from a study of the 
Recommendations of the F.E.6 Committee of 
the British Welding Research Association, which 
are given in the paper. 
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TYPES OF GAS TURBINE PLANT AVAILABLE 
FOR MARINE APPLICATION. 


INTRODUCTION. 


HE form of gas turbine which has 

achieved most success in practical appli- 

cation is of the open eycle type in which 
continuous combustion occurs at constant pres- 
sure. Referring to Fig. 1, the unit in its simplest 
form consists of a compressor, combustion 
chamber, and a turbine. The respective func- 
tions of these three components correspond to 
the compression, combustion or heat addition, 
and expansion processes carried out in any heat 
engine. The quantity of air compressed and 
delivered to the combustion chamber by the com- 
pressor is in excess of that required for com- 
plete combustion of the fuel, by the amount 
necessary to reduce the temperature of the com- 
bustion gases to a value which the turbine blades 
can safely withstand. The compressor, fuel and 
lubricating oil pumps are driven by the turbine, 
and the work required for this purpose is 
referred to as “negative work ” (corresponding 
to the compression stroke in a Diesel engine, or 
the feed and air pump work in a steam instal- 
lation) the total output of the turbine as “ posi- 
tive work”, the difference of the positive and 
negative work being the available output at the 
coupling. External power amounting to approxi- 
mately 5 per cent of the full load output is 
required to run the set up to starting conditions. 
The necessity for bringing the gas which has 
expanded in the turbine while doing work, back 
to the combustion pressure by mechanical means, 
represents a large proportion (approximately 
75 per cent for the simple case) of the total out- 
put of the turbine, and consequently, only a 
method of compression dealing with large 
volumes at high efficiency is suitable for such a 
duty. The negative work is considerably reduced 
if combustion is effected at constant volume, and 
may be still further reduced if the kinetie energy 
in the combustion gases is used to create the 
necessary pressure difference. 


at 


HistoricaL Nore. 

The fundamental directness of the gas turbine 
cycle in which all the combustion gases are led 
to a turbine has resulted in many schemes being 
put forward for the solution of a purely rotary 
machine to produce shaft power. Such schemes 
have been attributed to Hero, Leonardo da Vinci 
and others, but it was in 1791 that Barber 
obtained the first patent for a gas turbine which, 
incidentally, bore all the essential features 
required for a working gas turbine. The advent 
of the steam engine overshadowed any further 
progress, but during the early part of the 19th 
century the possibility of using air as a working 
medium was investigated. Notable amongst the 
early engines were the Stirling (1827) and the 
Eriesson, both of which embodied “ air boilers.” 
The difficulty of the burning out of the heating 
surfaces was overcome by the introduction of the 
internal combustion engine by Sir George Cayley 
in 1837, in which compressed air was supplied to 
a furnace, heated and expanded in a eylinder, 
the working piston and compressor piston being 
coupled vis-a-vis. The maximum temperature in 


‘the eycle was necessarily much lower than in the 


conventional oil engine, where no transfer of the 
working medium takes place after it is heated 
by internal combustion, until after it has cooled 
itself by doing work on the pistons. These early 
air engines are of particular interest as fore- 
runners of present-day gas turbine types, inas- 
much as the “ Ericsson” and “ Cayley” engines 
worked on the open eycle system and the 
“ Stirling ” on the closed cycle. 

The great success attained by the steam turbine 
at the beginning of the present century, coupled 
with the advances in design and application of 
the internal combustion engine, led inventors to 
make numerous attempts to devise a gas turbine 
and so gain the joint advantage of the high 
thermal efficiency of the latter with the con- 
tinuous rotary motion and simplicity of the . 


turbine. The temperature difficulty, lack of 
experience in internal combustion, or the burning 
of oil fuel, and the low net turbine efliciency due 
to indifferent compressors absorbing too much 
power in negative work, particularly when asso- 
ciated with turbines of very low blading 
efficiency, all combined to render attempts at 
solution appear rather hopeless. Such results 
when contrasted with the satisfactory progress 
of the steam turbine, and the internal combus- 
tion engine, led to many early efforts being 
abandoned. 

It was not generally realised that the success 
of the steam turbine was not due to any inherent 
virtue in the turbine as a mechanism, but rather 
because it used steam which did not require a 
high proportion of negative work to be 
expended. 

Holzwarth, in 1908, recognised the difficulty of 
obtaining high compression and control of high 
temperatures, and he endeavoured to overcome 
these difficulties by arranging the pressure rise 
to take place in a closed chamber as a result 
of the ignition of fuel oil, or gas. A number of 
chambers were used, and the combustion gases 
were released intermittently onto the turbine 
wheel. After some 40 years’ development, this type 
of turbine has proved indifferent in operation, 
and will probably receive little more considera- 
tion. The first suecessful application of the 
constant pressure gas turbine as a prime mover 
was for use as an emergeney generating plant. 
This plant was put into service in Switzerland 
in 1940, and oceupies a unique position in the 
field of power generation, in that the need for 
water supply is entirely eliminated. 

The most outstanding application of the gas 
turbine is the comparatively recent use of this 
machine for the jet propulsion of aircraft. Its 
success in this field is due largely to the higher 
efficiency of energy conversion in the jet pipe 
compared with the efficiency of the turbine used 
in the shaft output. 


TYPES OF GAS TURBINE PLANT. 
In general, gas turbines are characterised by 
the manner in which combustion takes place, viz : 
(a) Continuous combustion at constant pressure. 
(b) Intermittent combustion at constant volume. 


Each of the two characteristic cycles may be 
further divided into gas turbine 
follows :— 


types as 


(a) 1. Open cycle type as described above, which 
involves compression, direct heating by eom- 
bustion, and expansion of all the air drawn 
from and rejected to the atmosphere. 

2. Closed cycle type in which the constant 
pressure cycle is arranged as a closed system 
working at high pressure, ie., recirculation 
of the working medium with external heating 
and cooling. 

3. Semi-closed type—a modification of the 
closed cycle in which part of the air is used 
for combustion. 


(b) 1. Holzwarth turbine, in which combustion 
takes place in a closed chamber having a 
nozzle valve which opens at a predetermined 
pressure to admit the combustion gases to 
the turbine. 


2. The Buchi exhaust gas turbine, driven by 
the products of combustion from a four- 
cycle Diesel cylinder to supply seavenge and 
super-charging air using a centrifugal com- 
pressor direct driven by the turbine, and the 
use of crank and free piston two-stroke 
engines to generate high-pressure combustion 
gases for use in a gas turbine. 


3. The Karavodine or gas column engine in 
which the combustion chamber and gas 
dueting are so dimensioned that a resonant 
system is formed and the cycle is repeated 
automatically, the gases being discharged 
onto a turbine wheel. 


Open Crore Gas® TURBINE. 


The cycle of the simple or basie type has been 
described above. Such a gas turbine plant offers 
comparatively low thermal efficiencies, and its 
practical application will be limited to instal- 
lations where fuel consumption is secondary to 
space and weight requirements, e.g., small high- 
speed naval craft. Figs. 2, 3 and 4 show the 
specific outputs in B.Th.U. per lb. of air per 
hour (which gives an indication of the size of 
plant) and Figs. 5, 6, and 7 the cyele efficiencies 
for varying values of turbine inlet temperatures, 


compressor and turbine component efficiencies, on 
a basis of pressure ratio (which is a measure of 
the compressor work). The following general 
conclusions may be drawn from these curves (for 
details of assumptions used to draw these curves, 
see Appendix). 


(1) High turbine inlet temperatures provide 
for high efficiencies and high specific outputs 
(i.e., small plants). 


(2) Each turbine inlet temperature has a 
corresponding optimum pressure ratio which 
results in highest efficiency and a slightly smaller 
pressure ratio which gives highest specific output. 


(3) The higher the maximum gas temperature, 
the higher this optimum pressure ratio. 


(4) Optimum pressure ratio is dependent on 
component compressor and turbine efficiencies. 


The maximitm value of efficiency will always 
oeeur at a higher pressure ratio than for 
maximum output, because less fuel is required 
for a given turbine inlet temperature since the 
compressed air is at a higher temperature (with 
inereased compressor work and no heat exchange). 


Figs. 8 and 9 show variations in the simple 
eyele designed for ease of control. 


Heat EXcHANGE. 


By far the greatest loss in the basic gas tur- 
bine cycle occurs at the turbine outlet to atmo- 
sphere, and by the introduction of a heat 
exchange system between the exhaust gases and 
the compressed air entering the combustion 
chamber, some of this loss may be recovered, 
as shown in Fig, 16. 


Figs. 10, 11 and 12 show the specific outputs, 
and 13, 14 and 15 eycle efficiencies for the same 
series of cycles as shown in Figs. 2 to 7, but 
with the addition of a heat exchanger having a 
thermal ratio of 0-75. The main effect of a heat 
exchanger, apart from the inherent loss of power 
due to pressure drop between compressor and 
combustion chamber, also the back pressure im- 
posed on the turbine, is to improve the eycle 
efficiency at low values of compressor work, or 


what would correspond to part load for a given 
plant. At part load the thermal ratio of a heat 
exchanger will increase slightly with reduction of 
air mass flow, also since the heat exchanger will 
be designed for full load operation, at part load, 
the reduction in pressure will result in less loss 
due to pressure drop through it, and an addi- 
tional gain in cycle efficiency is obtained. The 
curves do not take this into account. As the 
compressor work is inereased a point is reached 
when the compressor delivery temperature ex- 
ceeds that of the turbine exhaust, and above this 
point, the addition of a heat exchanger to the 
plant will actually lower the efficiency, even 
neglecting the loss due to pressure drop. Figs. 
20 and 21 show the output and efficiency for 
cycles incorporating heat exchangers having the 
various thermal ratios indicated. In the caleula- 
tions required to draw these latter curves and 
those that follow, the compressor and turbine 
overall efficiencies are taken as 0-85 and 0-9 
respectively, and the compressor and turbine 
inlet temperatures 70 and 1,250 deg. F., respec- 
tively. Figs. 17, 18 and 19 show variations in 
the layout indicated in Fig. 16. 


INTERCOOLING. 


If the compressor work is done in two or more 
stages with cooling of the air between the stages, 
the effect is to inerease the pressure ratio for 
a given temperature rise through the com- 
pressor, which results in higher specifie outputs 
for a given turbine inlet temperature. Since, 
however, extra fuel must be added to compensate 
for the heat abstracted in the intercooler, there 
is practically no gain in efficiency unless a heat 
exchanger is fitted in addition. The specific out- 
puts and efficiencies for the cycle having inter- 
cooling and heat exchange with the thermal ratios 
as indicated, are shown in Figs. 22 and 23, while 
Fig. 24 shows the layout of the plant. It will be 
noted the efficiency curves tend to flatten out. 
The intermediate pressure is taken as the square 
root of the minimum and maximum pressures. 
The intercooler thermal ratio value of 0-96 may 
be obtained when water is used as a cooling 
medium. 


REHEATING. 


By arranging the expansion in two stages and 
passing the exhaust gases from the first, or high- 
pressure turbine, to a second combustion chamber 
in which a second charge of fuel is burnt at 
constant pressure in order to restore the tem- 
perature to the same value as that obtaining at 
the high-pressure turbine inlet, the same mass 
flow may be used for expansion in the second 
or low-pressure turbine. The intermediate pres- 
sure is taken as a half of the maximum pressure 
for optimum efficieney conditions, and the curves 
of specifie output and efficiency are given in 
Figs. 25 and 26. The output is increased over 
that of a plant having no reheat, but a drop in 
efficiency oceurs if no heat exchange takes place, 
since more heat is wasted in the exhaust. Fig. 27 
shows the plant layout for this cycle. 


INTERCOOLING AND REHEATING. 


Figs. 28 and 29 show the effects of combining 
intereooling and reheating. Both output and 
efficiency are greater than in any of the cases so 
far considered, and the value of a heat ex- 
changer with high thermal ratio is most marked, 
especially at part leads. In order to maintain a 
high efficiency over a wide output range, it is 
desirable that the plant (having the component 
efficiencies and temperatures as quoted) should 
incorporate a heat exchanger, and intercooling 
and reheating arrangements, and operate at an 
effective pressure ratio of about seven. 


In general this plant will consist of a two- 
shaft arrangement, i.e, a free running shaft 
where the H.P. turbine output is balanced 
against the H.P. compressor input, and the 
power output shaft carries the L.P. turbine and 
L.P. compressor, as shown in Fig. 31. The com- 
ponent machines may, however, be arranged in 
various ways to suit individual requirements of 
efficiency and output, see Figs. 30 and 32, but 
regulation of free running compressor sets to 
maintain maximum turbine inlet temperature 
and the appropriate pressure ratio for all parts 
of the cycle is essential in order to ensure that 
each section of the plant takes its fair share of 
the load. The graphs shown in Figs. 33 and 34 
indicate the specifie output in B.Th.U./lb. of air 


in terms of horse power per lb. of air per hour 
and efficiency in terms of fuel consumption for 
the various fuels, respectively. All outputs and 
efficiencies are referred to the turbine coupling. 


PRESSURE EXCHANGE. 


A coupled turbine and compressor free run- 
ning set of a two-shaft gas turbine plant may be 
regarded as a pressure exchanger, but in practice 
the name is applied to a unit in which a single 
rotor handles both compression and expansion. 
The essential feature of the pressure exchanger 
is that it can operate at higher maximum tem- 
perature than a continuous flow turbine beeause 
of its more robust construction, but any increase 
in efficiency gained in this way is nullified by 
the lower efficiencies of the compression and 
expansion processes. 


MopiFrigp Open CrcLE Gas TURBINE. 


By the addition of the heat through the 
medium of a heat exchanger, inferior grades of 
oil,’ or pulverised coal, may be used. Thus, 
referring to Fig. 37, the compressed air may 
be passed through a heat exchanger and a heater, 
and then expanded in the turbine, the fuel being 
burned in the turbine exhaust which passes 
through the heat exchanger and what may be 
ealled a “dry boiler.” There is no record of a 
plant having been built to work in this cycle 
of operations, and it will be obvious that the 
efficiency will be lowered and pressure drops in- 
creased without any other compensating effect. 


The use of the pressure exchanger in this cycle 
is particularly attractive, see Fig. 38. The unit 
does all the compression and supplies air through 
a heat exchanger to the combustion chamber. 
Here part is used in combustion and part for 
secondary cooling in the combustion chamber, the 
latter being used in the output turbine and the 
former, at a higher temperature, passed to the 
pressure exchanger, and then to the heat ex- 
changer. Thus the main stream of the com- 
bustion gases do not pass through the turbine 
but to the pressure exchanger, which is a more 
robust machine, and the channels are kept clean 
by the alternating flow of compressed air. 


AMBIENT TEMPERATURE EFFECT. 


The compressor work varies directly as the 
intake temperature and for equal volumes of air 
flow, the weight of air will increase in inverse 
proportion to the absolute temperature (for the 
low range of temperature considered). Fig. 35 
shows the variation in optimum efficiency with 
change in ambient temperature for the series 
of cycles considered. In these curves the slight 
change in turbine pressure ratio resulting from 
the increased volume of gas is neglected, together 
with the slight change in air density. The in- 
crease in efficiency for the basic cyele is approxi- 
mately 2:3 and per cent per 10 deg. F. drop in 
ambient temperature. It should be noted that in 
a marine installation, unless the transmission 
system is designed to absorb the increased power 
available at the lower ambient temperatures, the 
plant will be operating under part-load con- 
ditions at these temperatures and the advantage 
offered by the low ambient temperature may be 
lost if the set has poor part-load performance. 


TURBINE INLET TEMPERATURE EFFECT. 


Fig. 36 shows this effect on the optimum 
efficiencies of all the cycles considered. For a 
fixed pressure ratio the specific output and 
efficiency vary approximately as the absolute 
temperature of the gases entering the turbine, 
minus a constant equivalent to the energy neces- 
sary to accomplish compression. The approxi- 
mate increase in efficiency for the basic cycle is 
3 per cent per 100 deg. F. 
temperature. 


inerease in 


CLOSED CYCLE GAS TURBINE. 


The cycle of this plant is similar to that of a 
steam turbine with a closed feed system, except, 
of course, that the working fluid is a permanent 
gas. By excluding the combustion gases from the 
working system, and operating the entire circuit 
under pressure, the cross-sectional areas of the 
working fluid path may be considerably reduced 
from those of the open cycle type, especially 
with regard to the heat exchanger, where these 
areas may be chosen as small as considered 
desirable to effect a high specific heat transfer 
coefficient without any allowance for soot 


deposits or cleaning facilities. The air for com- 
bustion, which is much less than that required 
for open cyele plants, approximately the same 
as that required for a Diesel installation of equal 
power, is preheated as in steam boiler practice, 
and eventually a pressure combustion set may be 
used, see Fig. 40. 

The efficiency is dependent on the pressure 
ratio and the output to the absolute pressure, 
and these values have a fixed relationship in the 
open cycle plant, but in a closed eyele plant the 
pressure level may be increased or decreased, for 
increase or decrease of output by drawing the 
working fluid from or returning to high or low 
pressure cold reservoirs, respectively, as shown 
diagrammatically in Fig. 39. With this method 
ot regulation the turbine inlet temperature may 
be kept constant, and the plant adjusted to any 
part load by the resulting change in density of 
the working medium. All control valves, bye-pass 
and other regulating gear may be eliminated 
from the flow path. The blading of the com- 
pressor and turbine may be designed without 
compromise for part-load performance, since 
these components will always operate at the same 
point of their pressure-volume characteristic. 


The use of permanent gases other than air can 
only be considered in the case of a closed cycle 
plant with external firing, and thus the possi- 
bility of increasing the output of a given plant 
or raising its efficiency, may be realised, since 
for a given temperature range the pressure ratio 
may be reduced, and as a result of increased 
values of specific heat and density, a smaller 
heat drop will be required for the same output. 


THE SEMI-CLOSED CYCLE GAS TURBINE. 


The cycle of operation of this plant is shown 
diagrammatically in Fig. 41, and is a modifi- 
cation of the closed eyele wherein part of the 
air is used for combustion, the products expan- 
ding through a power turbine to atmosphere. 
The size of the air heater is reduced from that 
used in the closed eyele, since more efficient 
heat transfer is obtained by having high gas 
pressure on both sides of the air heater. To 
maintain the cycle a precompressor is used to 
supply an amount of air equal to that consumed 


by the power turbine. Fig. 42 shows a reheat 
eyecle in which the same features are embodied. 
The closed cycle part of the complete plant 
operates at constant R.P.M. and practically con- 
stant temperature. 


HOLZWARTH TURBINE. 


The cycle is based on compression by com- 
bustion in a closed chamber, and intermittent 
expansion through a turbine. Combustion and 
scavenge air is blown into the combustion 
chamber by a compressor. The turbine and 
combustion chamber are water cooled, and the 
compressor gives the air only a moderate super- 
charge. Test results from recent Holawarth 
installations are not yet available, but a com- 
parison has been drawn between this and a 
constant-pressure installation on the basis of a 
common blade temperature of 1,000 deg. F. The 
working medium has been assumed to be air for 
the open-eyele type, whilst in the constant- 
volume type 50 per cent excess air is used. 
Adiabatic compression and expansion is assumed 
for both cycles, pressure drops being neglected. 
The temperature drop from the maximum to the 
blade temperature is about 2,100 deg. F., and 
this high-grade heat generates steam to drive a 
steam turbine-compressor set, which supplies the 
air necessary for the combustion and scavenging 
processes. 


' The efficiency of the constant-volume plant is 
about 20 per cent greater than that of the con- 
stant-pressure type, but the cycle of the former 
is, of course, passed through periodically, and 
the efficiency will be lowered in practice by: 
(1) Pressure fluctuations in the nozzle, (2) varia- 
tion in gas speed through the blades, (3) windage 
losses due to interference of the scavenge air 
stream, (4) pressure drops through the air valve 
and combustion chamber. 


The efficiency of the constant-volume cycle is 
theoretically greater than the constant-pressure 
type, chiefly by reason of its higher working 
pressure ratio obtained with the minimum expen- 
diture of negative work, but has the inherent 
disadvantage of intermittent working. Also the 
impulse principle is used, in that the heat drop 


is converted into kinetic energy before the com- 
bustion gases enter the turbine moving blades. 


EXHAUST AND POWER GAS 
TURBINE PLANTS. 


The eyeles employed in these plants offer a 
compromise between the highly efficient internal — 
combustion engine and the pure gas turbine in 
which the inability of the former to utilise the 
complete expansion of the working gases to 
their original volume for practical reasons, may 
be earried out in the turbine. Such cyeles do, 
in fact, offer the best efficiencies in practical 
application, and the exhaust-gas driven turbo- 
supercharger is now an established and well-tried 
thermal unit, although in most eases it is merely 
an auxiliary to the main reciprocating unit from 
which the power output is taken. In other cases, 
the exhaust gas turbo-supercharger is geared to 
the engine crank shaft, the main indicated 
pressure being boosted, and with suitable exhaust 
timing the turbine is made to deliver excess 
power over that required for supercharging. 
Such a case may be cited as the “ compound 
Diesel”. The next step in this development is 
attained when the Diesel engine is supercharged 
to five or six atmospheres and the power avail- 
able from the engine is equal to the power 
required by the air supercharger. The turbine 
may be then mechanically uncoupled from the 
engine, which, together with the supercharger or 
compressor, becomes the “ power gas generator oP 
and fulfills the same purpose as the boiler in a 
steam plant. The final stage in this development 
is found in the free piston power gas generator 
which represents a possible realisation of the 
gas turbine with a thermal’ efficiency of 35 to 
40 per cent without a recuperator and with a 
turbine inlet temperature of less than 1,000 deg. F. 


The high efficiency of the power-gas cycle 
incorporating free-piston gas generators is 
largely due to the faet that the individual 
efficiencies of the compression, combustion and 
high-pressure expansion processes are high (all 
in excess of 90 per cent), since the working 
medium is compressed, heated and_ partially 
expanded in the same space. The heated gases 
are cooled during the initial expansion stage in 
the eylinder by doing work on the pistons, and 


thus less excess air is required to reduce the 
temperature of these gases to a reasonable value 
before entering the turbine. 


An advantage of the free-piston gas turbine 
plant is the high specifie power resulting from 
the high maximum temperature possible in the 
Diesel cylinder. The entry and exhaust dueting 
is thus only slightly larger than for a normal 
Diesel installation of similar output, whereas 
open-cycle plants require much larger areas of 
dueting which may not always be convenient for 
marine applications where deck openings are 
limited. In this plant the efficiency of the turbine 
falls off at part load due to the decrease in mass 
flow, but the combustion efficiency can be main- 
tained by having multiple gas generators, when 
one or more may be cut out at reduced load. A 
further advantage for the marine application is 
that the gas generators may be disposed to suit 
the accommodation since only pneumatie con- 
nections exist between the generators and the 
output turbine. Thus the turbine may be placed 
right aft with probable avoidance of torsional 
vibration troubles in the line shafting and redue- 
tion gear. Gas turbo-dynamo sets may also be 
supplied from the  free-piston 
generators. 


power gas 


KARAVODINE GAS TURBINE. 


This plant is of the open combustion chamber 
explosion type in which heat addition takes place 
with both pressure and volume changing. Explo- 
sion takes place in a combustion chamber fitted 
with automatic inlet valves, and the ensuing 
expansion of the gases leave a slight vacuum 
when a fresh charge is drawn into the com- 
bustion chamber which is compressed by the 
return wave in the connecting duct between the 
combustion chamber and the turbine. In this 
“gas column” engine the combustion chamber 
and the turbine connecting duct are so dimen- 
sioned that a resonant system is formed. The air 
supply thus becomes automatic as each explosion 
draws in the charge for the subsequent one. 
The German “ flying bomb” used this cycle as 
a method of jet propulsion without a turbine. 


~) 


GAS TURBINE COMPONENTS. 
Artr COMPRESSORS. 


The specific output from the turbine required 
to drive the compressor is dependent on the tem- 
perature at the turbine inlet, whieh in turn is 
dependent on the turbine pressure ratio, and 
thus on the compressor delivery pressure. For 
given inlet and final turbine exhaust conditions 
the turbine inlet temperature will be a unique 
function of the speed. The mass flow through 
the turbine is a function of the delivery pressure 
and the turbine inlet temperature. At each speed 
this “swallowing ” characteristic of the turbine, 
in conjunction with the delivery pressure-flow 
characteristic of the compressor, fixes the equili- 
brium or operating point of the plant. A plot of 
these points from different speeds gives the 
“operating line” for the plant. The design of 
the compressor must be such that this line lies 
within the range of stable and efficient com- 
pressor operation. Instability in compressor 
operation is due to “surging” which occurs 
when the mass-flow at a given speed is reduced 
below a certain value at which a further reduc- 
tion causes a sudden fall in delivery pressure 
which results in blow back through the com- 
pressor. In the simple or basic plant a 1 per 
cent increase in compressor efficiency results in 
approximately 4 per cent inerease in plant 
efficiency. 


Three main types of compressor are at present 
in use, viz.: (a) centrifugal flow, (b) axial flow, - 
(c) positive displacement. 


THE CENTRIFUGAL FLow COMPRESSOR. 


The term “compressor” in this type includes 
the intake, impeller and diffusing section. Since 
the energy of the air leaving the impeller type 
is partly static and parily dynamic the diffuser 
plays an important part, and the pressure ratio 
is based on the pressure at the point where the 
diffuser action ceases. Centrifugal compressors 
have peak adiabatic efficiencies of about 83 per 
cent, and although the maximum efficiency is 
lower than the axial type, the pressure-volume 
curves are, in general, flatter. The centrifugal 
compressor is best suited for handling small 


volumes at high pressure as compared with the 
axial type, and it is sometimes convenient to use 
the former as a final stage following axial flow 
stages, since this arrangement flattens the charac- 
teristic of the purely axial compressor, thus 
facilitating matching of the turbine and opera- 
tion of the plant. Interstage cooling of centri- 
fugal compressors lead to compact arrangements 
with resulting small pressure losses, but, in 
general, the necessity of returning the air flow 
from the periphery of the first stage to the inlet 
eye of the second stage will always lower the 
overall efliciency of the compression process. 


The impeller design may be (a) single entry 
single shrouded as in the de Havilland Goblin 
engine, (b) double entry single shrouded as in the 
Whittle-Rolls-Royce, or (c) double shrouded type 
as in the Buechi turbo-superecharger. 


The position of the surge point is considerably 
influenced by the shape of the impeller vanes. 
With forward-swept vanes the best operating 
point lies within the surge region, also because 
of the high impeller exit velocities, diffuser losses 
are high. With backward-swept vanes the most 
efficient operating point is fairly far removed 
from the surge point, and lies well within the 
stable region, also since the pressure rise occurs 
mostly in the impeller, the exit velocity being 
low, the diffuser losses are minimised and the 
efficieney is higher. The straight-vaned impeller 
has its best operating point between the other 
two, but since the characteristic eurve is some- 
what flatter than that of the back-swept type, 
the compressor can be operated farther away 
from the surge point without undue loss in 
efficiency; further, the pressure rise is almost 
equal in impeller and diffuser. In practice, the 
straight vaned impeller has been used in gas 
turbine plants, chiefly jet engines, because of the 
high tip speeds of the order of 1,500 feet per 
second to give a pressure ratio of the order of 
4 to 1, and maximum strength for minimum 
weight is the dominant factor. The vanes are 
usually single shrouded and are bent at the inlet 
eye of the impeller to allow for variation of 
blade speed, and where there is prewhirl, for the 
variation of whirl velocity at different radii, 
aceording to the laws of free vortex flow. 


For aircraft units impellers are made from 
aluminium alloy forgings, ribbed to partially 
form the vanes, and subsequently milled from 
the solid to form straight vanes which are hot- 
bent at the impeller eye. The impeller is some- 
times milled completely, i.e., including the entry 
vanes. For marine plants, steel may be used 
in place of aluminium alloy, since weight is not 
of paramount importance. The material used for 
the impellers should, however, have good damp- 
ing characteristics, since vibration may be ex- 
perienced in prototype designs. 


Tue Ax1aL FLow Compressor. 


This type is more susceptible to experiment 
and analysis, since air flow over stationary eas- 
eades of blades can be used to obtain the best 
blade form for a given set of conditions. With 


the present air velocities in general use, the 
normal aerofoil blade section is employed, but 
research work now in progress on the flow of 
gases at sonic and super-sonie speeds indicates 
that the characteristies of an aerofoil undergo a 
profound change and that a thin lozenge or 
simple double-wedge shape is an efficient aerofoil 
with less tendeney towards the generation of 
shock waves and consequent dissipation of 
energy. 


Peak values of adiabatie efficiency found in 
practice are 85-86 per cent, and the, maximum 
compression ratio for a single casing of the 
order of 5 to 1. For optimum results, blades 
should have a different form in each stage, and 
the use of precision casting by the lost wax 
method offers possibilities for reducing manu- 
facturing costs, since this technique produces 


blades of great accuracy requiring only polishing 


and root forming, but radiographic examination 
of each blade is necessary for the detection of 
internal flaws. The working temperatures are 
low and do not justify the use of special high- 
temperature alloys. Drum construction _ is 
generally adopted, since the lower rotational 
speeds required for marine plants, as compared 
with aireraft requirements, do not justify the 
use of the more elaborate dise construction, also 
the thermal stresses involved are negligible. 


THE Rorary PositivE DISPLACEMENT 
CoMPRESSOR. 


’ type 


This type is based on the “ Root’s’ 
blower in which the air is trapped between the 
lobes and earried around to the exit where a back 
rush of air from the discharge chamber raises 
the pressure of the charge. Various attempts 
have been made to overcome the disadvantages 
of a Root’s blower by providing, in a rotary 
machine, means for adiabatically compressing the 
charge by reducing its volume before the dis- 
charge ports are uncovered. In the Lysholm com- 
pressor the air is carried diagonally by a pair 
of helically lobed rotors which interact to provide 
an axial as well as a cross seal. Each charge of 
suction air is sealed off from the inlet before it 
is in communication with the discharge, and as 
the lobes of the rotors rotate, the seal moves 
axially, effecting a reduction in the volume of 
the charge with consequent increase in pressure. 
When the leading lobe passes the discharge port, 
the compressed air is discharged, and hence the 
location of this port determines the “ built-in ” 
compression ratio. 


The operating characteristics of this type of 
air compressor are different from those of the 
centrifugal and the axial types. The latter 
deliver a pressure roughly proportional to the 
square of the speed, whereas the positive dis- 
placement type delivers a flow directly propor- 
tional to the speed, the efficiency and pressure 
ratio being independent of the speed. This 
characteristie is particularly applicable to ‘the 
gas turbine cycle in order to maintain efficiency 
at part loads. This compressor is noisy in opera- 
tion, and some form of silencing arrangement is 


necessary for marine application. 


SuRGING. 


Both centrifugal and axial compressors are 
liable to surging or pumping. Surging in a 
centrifugal compressor may be relieved imme- 
diately by slightly altering the R.P.M., but an 
axial compressor must be shut down in order to 
unstall the blades. An outstanding feature of the 
positive displacement compressor is that it 
eannot surge. 


bt 


MAINTENANCE. 


Rapid deterioration of efficiency ean be 
brought about by the entry of foreign matter 
with the air flow, In axial compressors dirt 
builds up on the blades, and the extent seems to 
be associated with blade design, i.e., camber and 
stagger. Oil bearing particles appear to cause 
most trouble, and if continuously running in a 
dirty atmosphere jis required an intake filter is 
essential. Centrifugal compressors may also 
become contaminated in this way, but may be 
more readily cleaned, e.g., by a spray of paraffin 
in the intake. In the positive displacement type, 
oil or grease dust particles may, in fact, help to 
reduce the mechanical clearance and thereby in- 
crease the efficiency, but solid particles may 
wreck the compressor, because of these fine 
clearances. 


It has been indicated above that intereooling 
only of compressors increases the specific output 
for a given plant, but has little effect on the 
efficiency due to the loss of heat to the cooling 
water: Compression of a mixture of finely 
divided water suspended in air has a similar, 
but better effect than intercooling, the heat of 
compression being absorbed as latent heat in the 
water which is evaporated; considerably higher 
pressure ratios must be used, however, to obtain 
the best results. In this wet compression process 
sufficient water is injected into the compressor 
intake to ensure that the air is saturated through- 
out the compression, and to obviate precipitates, 
pure water must be used in an amount approxi- 
mately equal to twice the fuel consumption. 
Where a supply of pure water is not available, 
water may be recovered from the exhaust, 
serubbed and recirculated. Wet compression may 
be earried out in positive displacement rotary 
compressors, but the application of this process 
to axial and centrifugal flow compressors may 
introduce inereased losses and probable erosion 
effect. 

Wet compression may considerably increase 
the specific output for a given size of plant, and 
thus this process may be applied to a plant when 
high output is required only, ordinary cruising 
being undertaken with the plant working on a 
cycle without wet compression. 


TURBINES. 


All gas turbines in current use are of the axial 
flow type, multi-stage units being used for shaft 
output. Assuming the R.P.M. fixed, the turbine 
dimensions are fixed by the annulus area 
required, the permissible root loading, and the 
diameter ratio (blade tip/root dia.) this ratio 
being kept as high as possible to minimise losses. 
Blading is designed for free vortex flow (i.e., 
variation of whirl with radii) which gives a higher 
efficiency than normal steam turbine blading. 
Blades, therefore, have varying angles along 
their length, at inlet and outlet for both stators 
and rotors, giving the blades atwisted fo:m from 
root to tip. Blade stresses result from centrifugal 
tensile load, centrifugal bending moment and 
gas bending moment. The most dangerous stress 
oceurs at the thin trailing edge (resulting from 
tensile stress due to gas bending moment) since 
a very small nick or flaw in the material may 
rapidly lead to failure. Blade fixing is generally 
arranged so that centrifugal force and com- 
pression load due to temperature gradients keep 
the blade firmly in place to resist axial gas loads. 
The frictional reheat, due to the gas flow past 
the blades, results in an internal efficiency higher 
than the stage efficiency, whereas in a com- 
pressor, the reheat due to friction has a negative 
effect. 


Whilst weight is not of great importance, it 
is advisable to avoid the use of rotors having a 
large mass of material which acts as a heat sink 
and provokes expansion troubles, and hinders 
rapid starting up and shutting down. Unlike 
steam turbines, gas turbines cannot be warmed 
up very gradually since there is no great 
difference in temperature between load con- 
ditions and the lowest idling R.P.M. In turbine 
casing design an advantage in the distribution 
of thermal stresses may be gained by using a 
double easing in which the inner blade-carrying 
casing is of symmetrical shape, and subjected 
both inside and outside to the working medium, 
the outer casing carrying the pressure load only, 
and not subjected to high thermal stresses. The 
hot part of the casing should have some sort of 
breathing attachment to its colder anchorage. 


When large pressure drops are required it is 
advisable to use two or more turbines, since a 
large drop in a single casing results in very small 
blades at the inlet with consequent end leakage, 
and large blades at the exit coupled with high- 
leaving velocities and subsequent loss. In a direct 
coupled turbine-compressor set it is essential that 
the turbine operating line should lie within the 
compressor surge line at all conditions of load to 
ensure stable operation under variable conditions. 


PRESSURE EXCHANGERS. 


This machine makes use of the work done by 
the expansion of one gas solely for the com- 
pression of another gas, eg., a Buchi exhaust 
gas turbo-exchanger. The principle has been 
applied by Brown Boveri to a machine whose 
unique feature is that compression and expansion 
take place in the same rotor, the two processes 
oceurring alternatively in a series of cells 
arranged axially on the periphery of the rotor 
which runs within a closed eylinder or casing. 
The closing and opening of each of the cells is 
brought about by their rotation between fixed 
end plates, each of which is provided with two 
openings or ports through which air and gas can 
enter and escape. The action of the “ Comprex,” 
as it is called, depends on the generation of 
pressure waves within and along the cells, by the 
timing of the opening and closing of the ports 
which also produce a Kadenacy effect. The 
pressure rise depends on the density of the air 
or gas mixture, its velocity and the rapidity of 
the cell closing. The advantage of this machine 
is that since expansion of the hot gas and com- 
pression of the cool air take place in the same 
cell, the rotor is only subjected to the mean 
temperature of the two processes, e.g., gas in 
1,800 deg. F., gas out 1,100 deg. F., mean tem- 
perature of expansion 1,450 deg. F.; air in 
400 deg. F., air out 600 deg., F., mean tempera- 
ture of compression 500 deg. F., hence mean 
temperature of the two processes is 975 deg. F., 
which is the temperature of the rotor. 


Tests carried out by Brown Boveri indicated 
an overall efficiency of 69 per cent, thus each 
process may be credited with an efficiency of 83 
per cent. The pressure ratio obtainable proved 
to be up to 3:1. 


The comprex can work with given materials 
at temperatures which are 350 to 700 deg. F. 
higher than those of any gas turbine. Even 
with an initial temperature of 2,000 deg. F. and 
1,100 deg. F. in the second stage, the final 
average is 1,025 deg. F., which is quite admissible 
for to-day’s materials. Owing to the rapid 
motion of the moving cells through the stationery 
stages of compression and expansion, the tem- 
perature differences which occur are only of the 
order of less than 4 deg. F. and penetrate the 
material less than 0.004 in. The output is con- 
tinuous. as at 6,000 R.P.M., with 30 cells in the 
rotor, approximately 3,000 cells pass each second. 


Heat EXcHANGERS. 


These units may be divided into two main 
types :— 

(a) Recuperative, and (b) Regenerative. 

(a) In this type the two fluid streams flow 
continuously through their respective channels 
and heat is transferred through the dividing 
wall, e.g., the ordinary shell and tube heat ex- 
changer. The flow may.be parallel, counter or 
cross-wise. The effectiveness or thermal ratio of 
a recuperator is defined by the air temperature 
gradient through the heat exchanger divided by 
the available temperature difference between the 
turbine and compressor discharge. The variation 
of thermal ratio with surface area obeys a law 
of decreasing returns, e.g., an increase in thermal 
ratio from 60 to 75 per cent approximately 
doubles the surface area required. At part loads 
the thermal ratio of the heat exchanger increases 
due to the smaller gas and air flows for a con- 
stant surface area, but decreases because the 
velocity and density also decreases, the result, 
however, is a gain in thermal ratio, and thus 
emphasises the value of this component at part 
loads when the efficiency of the compressor and 
turbine fall off. The choice of flow path is 
largely dependent on the degree of fouling by 
the combustion gases, since the heat transfer 
surfaces must be readily accessible for cleaning. 

(b) The regenerative type consists essentially 
of a mass of material which alternatively absorbs 
and rejects heat by being exposed in turn to 
corresponding hot and eold fluid streams. The 
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material may rotate in the paths of the two 
streams or remain stationery and be subjected to 
alternate blasts of hot and cold streams. The 
former type is similar in principle to the 
Howden-Ljungstrom preheater, but owing to the 
large pressure differences between the hot and 
cold sides in a gas turbine plant, sealing becomes 
a major problem. In the latter form the re- 
generative exchanger requires the _ efficient 
working, at high temperature, of quick-acting 
valving arrangements. Since thermal ratios of 
the order of 90 to 95 per cent appear possible 
with the regenerative member consisting of a 
material having a small thermal inertia rotating 
at a speed of about 30 R.P.M., it would appear 
that providing the sealing problem is overcome, 
the regenerative principle of heat exchange will 
as much as any other single factor, contribute 
to the successful development of the gas turbine. 


CoMBUSTION CHAMBERS. 


The ideals to be aimed at in the design of a 
combustion chamber are :— 


(a) The complete combustion of the fuel, (b) 
the prevention of excessive pressure loss which 
is equivalent to a reduction in compressor 
efficiency, (c) the prevention of heat loss by 
radiation and conduction, (d) the durability of 
the combustion chamber itself, (e) the supply of 
hot gases at its exit at a predetermined uniform 
temperature. 


The heat losses vary according to the type of 
eycle used, being greater with a constant volume 
combustion chamber than with a constant pres- 
sure type. In the former, highly volatile fuel or 
gas is employed, and water is used as a coolant 
because of the high rates of heat release. With 
constant-pressure combustion, fuel oil is generally 
employed, and the heat losses are mitigated 
because excess air is used as a coolant and the 
process is a regenerative one. Heat release rates 
for open-cycle plants are of the order of 
0-25 — 0-5 X 106 B.Th.U. per hour per eubie 
foot per atmosphere. Particular requirements 
for combustion in this type are (a) ability to 
effect complete combustion of the fuel to avoid 
fouling of the blades (b) to confine combustion 


to a relatively small volume without detriment 
to the furnace lining. These requirements are 
met by having controlled turbulence resulting 
from the correct shape and disposition of the 
fuel distributing elements and baffle surfaces, and 
the ability to make adjustments from outside the 
burner with the furnace under pressure so that 
the burner may maintain ignition under carrying 
conditions of load and for variation in fuel 
quality. Refractory and all-metal type combus- 
tion chambers may be used. In spite of the 
variation in design, the same underlying prin- 
ciple is employed, in so far that the air stream is 
divided and approximately 20 to 25 per cent of 
the air supply passes to the annular space 
around the fuel injection nozzle and may be 
adjusted by a damper arrangement in order to 
control turbulence and to maintain furnace tem- 
peratures sufficiently high to ensure complete 
combustion of the fuel. The remaining air to be 
heated, or “ quench” air, passes through the 
annular space between the furnace or flame tube 
and the outer shell, and mixes with the hot gases 
after combustion of the fuel is completed. The 
method of mixing the combustion gases and the 
quench air differ in different types and appli- 
cations, viz: (a) the flame tube consists of a 
series of telescoped cones and the inrush of excess 
air at the junctions of the cones provides a 
protecting boundary layer to the flame tube, (b) 
the annular space between the flame tube and 
outer casing is divided by a screen, which may 
be corrugated to increase the surface area giving 
up heat to the cooling air, and it is claimed that 
such a sereen may lower the temperature of the 
outer easing as much as 1,000 deg. F., (e) the 
provision of a low air velocity zone by controlled 
turbulence of the primary air with subsequent 
mixing by penetration of the secondary air 
through holes or slots in the flame tube. Towards 
the end of the combustion chamber, remote from 
the burner, the cooling effect of the quench air 
in this annular space diminishes and the air 
passage is restricted, thus increasing the air 
velocity resulting in a higher heat transfer rate. 
Great care is taken to see that no local hot or 
cold spots occur in the gas stream to the turbine, 
the permissible deviation from the mean tem- 
perature being of the order of + 25 deg. F. 


12 


The application of pressure combustion to pul- 
verised coal is at present being investigated, and 
furnace heat release rates of the same order as 
those obtained with oil have been achieved. The 
main difficulty, however, lies in the removal of 
the slag from the combustion chamber and an 
adequate elimination of the fly-ash from the 
gases entering the turbine, and the latter require- 
ment rules out the application of orthodox pul- 
verised coal firing methods. Only two methods 
show promise of application. First, the mechani- 
cal removal of the fly-ash from the pulverised 
coal flame by burning the coal dust in a com- 
bustion chamber of the vortex type, the combus- 
tion chamber being a combined cyclone type 
fly-ash eliminator. Second, the use of a “ coal 
atomiser ” representing a continuous explosion 
system in which crushed coal is subjected to the 
pressure of gas, air or steam. By allowing the 
coal to flow through a nozzle with the gas, the 
sudden release of pressure causes the coal to 
shatter, thereby producing a pulverised spray 
fine enough for direct firmg. The second device 
would appear to show more promise since the 
fuel to gas turbines must be supplied under 
pressure. 

A great deal of development work has been 
accomplished in the design of aircraft combus- 
tion chambers, but the marine application may 
permit of easier solutions, since the design can be 
freed from restrictions of frontal area and 
weight. In the former, multiple chambers are 
generally used, whilst in the latter one combus- 
tion chamber per stage may be employed, and 
development work is not so conveniently carried 
out since the full air supply is required tor 
testing. Since the flame is continuous, ignition is 
required only for starting, and a normal type of 
spark plug is used with electrodes designed to 
suit a given combustion chamber. 


MATERIALS. 
’ For metals used in contact with the hot com- 
bustion gas, the following considerations must be 
taken into account :— 


(1) CREEP TO RUPTURE STRENGTH. 

The stress-temperature-time combination must 
be considered in relation to both deformation and 
failure, and the yield point as the criterion of 


failure must, therefore, be abandoned in favour 
of the creep to rupture strength for the appro- 
priate temperature and service time, allowing, of 
course, a suitable factor of safety. 


(2) Ductinity oF FAILURE. 


In general, fractures take place at decreasing 
ductility, as the time of failure is inereased. 
Materials with high creep to rupture strength 
usually fail at lower ductility. Tests show that 
steels with a particularly sudden drop in strength 
during long periods of loading show cecharac- 
teristic brittle inter-crystalline fractures similar 
to those found with rupture tests of short loading 
duration. A further characteristic of decreased 
ductility is the sensitivity to notching. With such 
a steel, a small seratch is sufficient to cause inter- 
crystalline fracture to develop, thus this charae- 
teristic is to be particularly avoided in open 
cireuit gas turbines where scouring action of the 
ash in the combustion gases may take place. 
Breaks which are absolutely brittle and free from 
plastic deformation may even be observed, par- 
ticularly in notched machine parts such as bolts. 


(3) CREEP DEFORMATION. 


The total deformation increases very rapidly 
with inerease in stress and temperature, and a 
change of dimensions of stressed parts must be 
considered as one of the unavoidable premises of 
gas turbine design. The elongation in conse- 
quence of creep, under the stress occurring in 
service of 3-3 tons per square inch, should not 
exceed 0-1 per cent in 100,000 hours. 


(4) Fatigue STRENGTH aT HiGH TEMPERATURE. 


Turbine blades are subjected to fluctuating bend- 
ing stresses imposed by the gas flow, and must, 
therefore, have adequate fatigue strength requir- 
ing good damping properties. It is believed, 
however, the root fixing has a much greater effect 
in damping out vibrations; hence the attachment 
of blades by welding results in the sacrificing of 
this damping effect. Rapid temperature changes 
cause alternating stresses which may lead to 
fatigue failure although the material may be 
otherwise satisfactory. As a general rule, how- 
ever, the fatigue strength of modern alloys at 
1,200 deg. F. appears to be about the same as 
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the creep to rupture strength for equivalent 
times of service. Unless accompanied by cor- 
rosion fatigue, the fatigue problem may not be 
a major consideration. 


(5) Corrosion RESISTANCE. 


The hot machine parts must operate in an 
oxidising atmosphere in addition to the presence 
of sulphurous gases from the fuel, and must be 
able to resist corrosion by salts, or molten salts. 
Proof against scaling when submitted to oxidis- 
ing gases is perhaps the most important con- 
sideration. In general, the same metallurgical 
measures which improve “hot strength” bring 
about improved corrosion resistance. 


(6) Erosion RESISTANCE. 


is desirable to maintain aerodynamic efficiency, 
and is especially important for long-life instal- 
lations. 


(7) THERMAL EXPANSION. 


Most metals now available for high-tempera- 
ture service have a coefficient of thermal expan- 
sion about 50 per cent greater than that of 
ordinary This property necessitates 
extreme care in the design of a heat elastic 
system. Complete symmetry of design is desir- 
able, including elimination of the horizontal 
and the avoidance of galling 
between all breathing surfaces at high tempera- 
tures is essential. Thermal conductivity is usually 
low for such metals, which again calls for careful 
design in order to avoid high thermal stresses. 


steel. 


casing joint, 


(8) WorKaBILITY. 


Whilst it that the properties 
quoted above be observed, it is, of course, neces- 


is desirable 


sary that the materials may be readily forged, 
welded, machined, ground, ete., as required, in 
order to attain a high degree of uniformity in 
manufacture. 


CERAMICS. 


Ceramic material has been employed with 
limited suecess in the manufacture of rotor and 
stator turbine blades and nozzles, combustion 


chamber linings, and heat exchangers. The 


advantages of using this material for blades are : 
Higher permissible blade temperatures, low 
specifie gravity resulting in about half the centri- 
fugal force compared with a metal blade running 
at the same speed, and resistance to corrosion 
regardless of temperature. Disadvantages include 
brittleness, mechanical weakness and low thermal 
shock resistance. The attachment of the blades 
to the rotor present a major problem, but the 
future use of ceramics in combustion chambers 
and heat exchangers may do much to establish 
the gas turbine as an efficient and reliable prime 
mover. 


OPERATING CHARACTERISTICS OF GAS 
TURBINE PLANTS. 


The output torque decreases with decrease in 
speed, since the mass-flow delivered by the com- 
pressor decreases as the speed is reduced, and 
below a certain speed, depending on the com- 
pressor and turbine characteristics, the output 
torque is zero, hence in starting up it is neces- 
sary to run the compressor and turbine up to 
this speed by a starting motor. Axial flow com- 
pressors may surge at starting and require 
automatic blow-off valves to overcome this 
diffieulty. Optimum efficiency at various loads is 
obtained primarily by maintaining a safe maxi- 
mum temperature and corresponding pressure 
ratio. For propeller drive, where the R.P.M. 
varies with the power, part-load performance is 
improved over that for a constant speed set, 
since the mean velocity of the gas through the 
output turbine decreases with the load, and in 
the latter case the angle of incidence of the gases 
at entrance to the moving blades cannot be main- 
tained near its optimum value, whereas in the 
former case, the blade angle of incidence is 
brought nearer to the optimum. 


There are, in general, three methods of regu- 
lation, viz: (a) Valves in the main ducting or 
by-pass connections, (b) high and low pressure 
reservoirs to alter the pressure datum, (c) water 
injection into the combustion chamber; which 
may be used, in conjunction with the fuel control, 
depending on the particular application of the 
plant. 
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Open CYCLE Puiant. 


The basic gas turbine plant comprising com- 
pressor, combustion chamber and turbine, when 
run at constant speed full-load output, the 
efficiency falls rapidly with reduction in load 
because the mass-flow is constant at all loads, the 
output being controlled by a reduction in turbine 
inlet temperature (Figs, 1 and 8). Such a plant 
(Fig. 1) has already found practical application 
as a stand-by electric power plant where efficient 
operation is secondary to quick starting and in- 
dependence of auxiliary services. Part load is 
improved when used for a variable speed appli- 
cation, since at reduced loads the mass-flow 
decreases with the speed, allowing a_ higher 
turbine inlet temperature for the same output 
as compared with the constant speed set. By 
providing a mechanically independent turbine for 
the power take-off (Figs. 8 and 9), the mass-flow 
can be varied with the load and a high turbine 
inlet temperature may be maintained. The 
“free running” compressor set thus finds its 
own speed at which it will deliver the correct 
conditions of gas to the output turbine. A plant 
of this type has been fitted into a small 
Admiralty vessel, and as such is the first gas 
turbine plant to be used for marine propulsion 
(Fig. 8). 


The addition of a heat exchanger to recover 
some of the heat at the turbine exhaust improves 
the efficiency of most gas turbine plants, except 
for open-cycle plants with high-pressure ratios. 
When the mass-flow is varied with the load, the 
optimum value of turbine inlet temperature 
being maintained, the exhaust gas temperatures 
from the turbine tend to inerease as the load is 
removed, thus at part loads more heat per lb. of 
air is obtained from the heat exchange than at 
full load, and the part load efficiency is con- 
siderably improved. 
proves the efficiency at full load, and for a vari- 
able speed set, also at part loads. A 1,200 F:P. 
plant of this type will eventually be installed in 
the Anglo-Saxon tanker, “ Auris,” in place of 
one of the four Diesel-driven alternator sets 
which supply the current for main propulsion. 


Thus heat exchange un- 
5S 


The addition of inter-cooling the compression 
will always inerease the output of a plant for a 


given overall dimension; but little gain in 
efficiency is obtained unless heat exchange is 
also used. In all the cases quoted above, control 
is effected by varying the fuel to the single com- 
bustion chamber, Fig. 19 shows an arrangement 
in which the temperature of the compressor- 


turbine may be maintained at a value for 


optimum efficiency conditions, using a separate 
combustion chamber for this set. The further 
addition of re-heating between the turbines 
results in layouts in which compressors and tur- 
bines are arranged in pairs on different shafts 
running at different speeds. The component 
machines may be arranged to give a good 
efficiency at all loads, but control problems are 
considerably increased. For increase in output 
the fuel rate to the high-pressure combustion 
chamber is increased and this causes a momen- 
tary increase in temperature, depending on the 
increase in fuel supply, generally in the region 
of 100 deg. F. In consequence the high-pressure 
turbine accelerates, and in so doing delivers an 
increased ‘quantity of air to the system which in 
turn increases the output and restores the tem- 
perature. A new equilibrium condition may be 
established in a few seconds, but during this 
transient condition the fuel supply to the low- 
pressure combustion chamber must be adjusted 
to safeguard the low-pressure turbine from high 
temperatures. For starting a two-shaft arrange- 
ment it is convenient to isolate the free-running 
set using by-pass connections (see Fig. 32) and 
running this set up to’ speed with the starting 
motor as for the basic plant. When this set 
has attained a working temperature the by-pass 
connections are partially closed and the output 
turbine compressor set accelerated in speed until 
the flow through 
negligible, when both compressor and turbine by- 
pass are closed. The plant is then accelerated 
to its normal running speed by increasing the 
high-pressure combustion chamber fuel supply. 
Additional output is obtained by ignition of the 


the compressor by-pass is 


low-pressure combustion chamber with the addi- 
tion of the second fuel supply. 


A danger of high temperatures and over- 
heating of turbines occurs with most cycles at 
light loads, the exceptions being the simple 
single-shaft constant-speed set, and the closed 


cycle. With other cycles in which maximum tur- 
bine inlet temperature is kept high, the low heat 
drop required on light loads gives a high turbine 
exhaust temperature; thus the low-pressure 
stages and blading may be subject to overheating, 
unless a careful compromise of mass-flow and 
maximum turbine inlet temperature’ with 
efficieney is made. 


C_csrp Cycle Puayts. 

Plants operating on a closed cycle give good 
part-load performance compared with other 
eycles, because load changes are dealt with by 
change in mass-flow resulting from the alteration 
in density of the working medium; the pressure 
ratio and turbine inlet temperature being kept 
at optimum values for maximum efficiency. A 
slight fall-off in efficiency at part loads is due to 
the parasitic losses remaining constant as their 
proportion to the output increases. Control of 
such plant may be effected by a combination of 
governing by pressure level control and by- 
passing of the turbines; small rapid fluctuations 
in load being dealt with by the by-pass valves and 
large slow changes in load being met by changes 
in the pressure level. The pressure level is varied 
by adding to or removing the air in the cireuit 
by connection with high and low pressure air 
receivers, respectively. A sudden large decrease 
of load may result in temporary high tempera- 
tures at the air heater and turbine blades since, 
as the mass-flow is reduced, the thermal capacity 
of the air heater will tend to raise the maximum 
temperature of the working fluid even though a 
substantial reduction of fuel supply is made. 
Fuel delivery must be cut down considerably on 
the first decrease of load, and then gradually 
raised to the normal operating point for a given 
load as stable conditions of heat flow are 
attained. Since the temperature range and 
pressure ratio are independent of stable load 
conditions this type of plant is immune from the 
danger of overheating in the turbine low-pressure 
stages. 


SEMI-CLOSED PLANTS. 

Such a plant offers a compromise between the 
open and closed cycle type, and since it con- 
sists essentially of a closed-eyele plant fed by a 
precompressor and generating high-pressure gas 


for the output turbine, the regulation for part 
load may be effected by changing the pressure 
ratio whilst maintaining maximum turbine inlet 
temperatures. Turbine control valves may be 
used for regulating this plant, but a definite 
sequence of valve operations must be carried out 
to increase or decrease load. 


Constant VOLUME Gas TURBINE Puants. 


Plants working on this eycle and employing 
static or dynamie combustion chambers may be 
regulated by adjustment of fuel supply only 
since the pressure ratio is fixed and the mass- 
flow is directly proportional to the speed of the 
intermittent combustion cycle. 


MAIN PROPULSION MACHINERY. 


The plant may be run up to speed by air 
or steam turbines, or an electric motor. If air 
starting is used, it is necessary to have a small 
air compressor and air reservoirs; however, these 
reservoirs need only have sufficient capacity for 
one start with some margin, since in a two-shaft 
arrangement the free-running compressor turbine 
unit may run continuously during maneuvring. 
In common with steam turbine machinery some 
form of reduction gear must be interposed be- 
tween the gas turbine unit and the propeller, and 
the same arguments for and against the various 
systems obtain, it being noted that double redue- 
tion gearing efficiencies are of the order of 974 
to 984 per cent; while the efficiency of electrical 
speed reduction (either A.C. or D.C.) is of the 
order of 92 per cent. 


Electrical drive or reversible propellers may be 
employed to effect astern running in both steam 
and gas turbine plants, but the use of integral 
or direct coupled, separate astern turbines is to 
be avoided, since in the former ease a vacuum 
is not available, and constant high friction losses 
are to be expected, whilst in the latter the pres- 
sure gas ducting to the turbine is of relatively 
large area, and it would be unlikely that the 
ahead and astern manwuvring valves could be 
maintained gas tight at the normal operating 
temperatures of the gas at the turbine inlet. A 
method particularly suited to gas turbine 
maneuvrability is the use of ahead and astern 


hydraulic couplings built into the reduetion 
gearing. A unique feature of the gas turbine 
plant incorporating a free-running set, is that the 
latter may conveniently run in the opposite 
direction to the output shaft, thus when astern 
operation is required, the former may be clutched 
‘in and the latter clutched out, the heat drop 
through the normally free-running shaft being 
boosted for astern operation, since the full heat 
drop occurs in this set, the normal output turbine 
being by-passed. The simplest application of 
this principle is indicated in Fig. 30, in which 
the free-running compressor-turbine set is in line 
with the output turbine and may be coupled to 
it by some form of slip coupling, e.g., hydraulic 
or electric. For astern running, the H.P. turbine 
by-pass valve is opened, the L.P. combustion 
chamber shut in, and the coupling energised. 
Thus power for running is available 
almost instantaneously, the coupling slip being 


astern 


adjusted to prevent shock. 


CONCLUSION. 


The choice of a marine power plant must, of 
necessity, be made with due regard to the overall 
economies of the vessel for which it is intended, 
but, certain fundamental factors apply equally 
to any type of plant, whether it be steam 
reciprocating or turbine, internal combustion 
reciprocating or turbine. Steam reciprocating 
machinery is an inherently heavy and inefficient 
power plant which cannot compete economically 
with other prime movers except in special 
services, and steam turbine machinery is essen- 
tially a high-output power plant for which there 
is no apparent limit to the maximum power, and 
in which increased pressures and temperatures 
will inevitably follow as a result of the develop- 
ment of materials for gas turbines. In general, 
however, higher steam conditions will be more 
justified in a high-powered plant than a low- 
powered plant. The chief advantage of the 
Diesel engine is its low fuel consumption, but 
this may be outweighed if, together with its high 
lubricating oil consumption and higher main- 
tenance and repair costs, it proves to be unable 
to burn boiler oil successfully. At the present 
time Diesel engines are operated with thermal 


efficiencies of 30-37 per cent, and steam turbines 
from 20-27 per cent; ‘with air compressor and 
turbine efficiencies and materials available at 
present, it is possible to build a gas turbine to 
operate at a thermal efficiency better than that 
of the majority of steam plants, and equal to, 
or slightly less than, that of Diesel plants. 


In comparing peak efficiencies of marine steam 
and gas turbine plants, values of the order of 
28 per cent for the former and 34 per cent for 
the latter appear to be reasonable for plants 
incorporating extensive reheating in each case, 
but gas turbine plants will only replace Diesel 
plants on the score of efficiency if the former are 
able to run on erude fuel oil whilst the latter are 
unable to do so. Gas turbine plant will always 
oceupy less space and be of lower specific weight 
than either steam or Diesel plants. 

In general, it may be stated that the various 
types of gas turbine plant fall into the following 
order in respect of power output :— 

2,000- 10.000 S H.P. Open Cyele Plants. 

6,000- 15,000 S.H.P. Semi-closed Cycle 

Plants. 


10,000-100,000 S.H.P. Closed Cycle Plants. 


Thus the logieal application for gas turbine 
plants is in the region of 2,000-20,000 S.H.P., 
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i.e, between the Diesel plant for low powers and 
the high pressure, high temperature steam tur- 
bine plant for the largest powers, it being noted 
that in the case of the latter, the overall dimen- 
sions of the condenser will probably exceed those 
of the heat exchanger for a gas turbine plant of 
similar output. 


To summarise the essential requirements for 
the suecessful development of the gas turbine, 
these are :— 

1. Continued development of heat-resistant 
materials. 
2. Improvements in air compressor and tur- 

bine efficiencies, 


3. Ability to burn non-distillate fuels. 


4. The development of an efficient regenerative 
type hest exchanger. 


The application of nuclear power for marine 
use can only be considered for high-powered 
naval vessels, and its use in merchant vessels 
must be deferred until the atomic power plant 
becomes an economie proposition. Published in- 
formation indicates that the energy is available 
only in the form of low-grade heat at the present 
time, and it might well be that the gas turbine 
will prove to be the simplest method of con- 
verting such heat into shaft power. 
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APPENDIX. 


The curves of output and efficiency are based on calculation made in conjunction with the use 
of a temperature-entropy-total-heat chart due to Dr. Geyer. Full account of the variation in specific 
heat is taken, and it is assumed that the quantity of gas flowing through the cireuit is the same at all 
points, i.e., the addition to the mass-flow resulting from the combustion of the fuel and reduction in 
mass-flow by leakage are negligible. Other premises for the calculations required to draw these curves 
are :-— 


Mechanical Efficiencies abe “s n = on = 0-99 
mt me 
Combustion Chamber Efficiency. ... Nee = 0-98 
Internal Turbine Efficiencies ae Ms 0-809 
= 0-859 
Internal Compressor Efficiencies... ne | 0-909 
Overall Turbine Efficiencies ei n 0-8 
oop 
Overall Compressor Efficiencies... | 0-9 
Inlet air to compressor = 70 deg. F. 
Heat Exchanger Thermal Ratio... "R rt RP 
0-90 
Reheat to initial turbine inlet temperature. 
Intercooler Effectiveness a eae +f ose oa a 0-96 
Parasitic losses due to pressure drops, radiation, ete. 
Combustion Chambers H. = 0-54 B.Th.U./lb. each 
Heat Exchangers... H, = 055 ,, + > 2, = 0-50 
e 
= 1-10 * 0 4 2 = 0-75 
= 2:76... ,, _ teas te 0-90 
Intereoolers ... fon Hi. = 0°37 ” ” ” 
Ducting os oa Hi, = 060 ., » no reheat 


0-80 P| » one reheat 


Referring to Fig. 43 the output of the basic plant (without heat exchange) is AHpey—AH 4p 
—(2H)."Hyq) and the heat added is AHpa’ the thermal efficiency is AH pg —4H yi p— GH Hig) 


AH p 4’ 


The thermal ratio of the heat exchanger indicated in Fig. 43 is The heat drops 


Alva! 
AHg,4, and AHeyp are inherent in the heat exchanger design, depending on the surface area and are 
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allowed for by the heat loss quoted in the above assumptions for the appropriate recuperator efficiency. 
The heat added by the combustion of the fuel is then : 

l 1 
noo “HBR = a, Ugo + 4HerR) 


sie: 
= Dee [ *8n0° + (1-np) (Hg, | 
The thermal efficiency of a cycle incorporating a heat exchanger of thermal ratio Np is then: 


1 
Dnt (AH pe) _ Dine (AH 4/1) ed (2H) ."H) Hj q) 


ce 
aes [ +80: + (1-np) aH yy’ | 


ce 


The thermal! efficiency of a cycle incorporating a heat exchanger and intercooling of the com- 
pressor is, referring to Fig. 44: 
1 
Mm; 4HEq — n. 
me 


(Harp + AH gp) — SH) Hye Ay Hig) 


1 
Doe [ sae + ( I-np) AHeya’| 


The thermal efficiency of a cycle incorporating heat exchange, intercooling and reheating is, 
referring to Fig. 45: 


I . 
mt [ 2M por + Alpe | pane! Pati Guna + AH yy) ao (2H), H),"H);"H}q) 


I 
Nee [ (ne + AHP) + (-np) Ay’ | 
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DISCUSSION ON MR. N. MecLEOD’S PAPER 


on 


TYPES OF GAS TURBINE PLANT AVAILABLE 
FOR MARINE APPLICATION. 


DR. S. F. DOREY. 


The special feature of this paper is that it 
is the first time we have had a paper read before 
the Staff Association dealing with this type of 
main propelling machinery. Mr. McLeod has 
given sufficient details to enable engineers to 
understand the main principles involved and has 
indicated it is only in recent years that it has 
been possible to produce a gas turbine which 
ean be considered comparable with other types 
of main propelling machinery. Of course this 
is only due to progress: made in obtaining a high 
efficiency for the compressor and also that 
materials are now available for use at very high 
temperatures for prolonged periods. Neverthe- 
less, it must not be considered that the stage 
has been reached when full confidence can be 
placed in this type of machinery since, while 
considerable developments are yet necessary in 
order to obtain overall efficiencies which will be 
comparable with the highest now obtainable with 
oil engines, there is much to be learnt of the 
behaviour of the whole of the plant under pro- 
longed running conditions. 

It does not follow, however, that the adoption 
of this form of propulsion need be unduly 
retarded until these higher efficiencies are 
obtained, provided satisfactory operating ex- 
perience be obtained with a variety of oil fuels. 
It would be a pity to defer gaining useful 
practical experience due to slightly lower effici- 
ency than is obtainable with an oil engine. It 
is, I think, reasonable to consider that both 
for marine and land purposes this type of 
machinery will come increasingly to the fore 
in the future. 

It may well be that, provided developments 
take place on sound scientific lines, the lightness 
and compactness of the marine gas turbine of 
the future may have a profound effect on the 
hull form of high-speed vessels. In connection 


with the use of the gas turbine on land, it may 
be that in association with an atomie pile 
supplying heat to the working fluid of the gas 
turbine overall efficiencies may be attained far 
exceeding those at present obtained in large 
power stations. 


MR. T. P. GIBBESON. 


There are one or two points upon which I 
would like to have the Author’s opinion. 


(1) What is the method of attachment of the 
turbine blades to the rotor? Are the 
blades fixed to a root piece and inserted 
in a dovetailed slot in the periphery of the 
rotor as is done in a steam turbine? 

In connection with the Author’s remarks as 
regards root fixing of turbine blades in 
damping out vibrations as opposed to a 
welding attachment, it is suggested that as 
blades require renewing at frequent inter- 
vals due to corrosion, erosion and breakage, 
securing in place by means of welding 
would not be very good practice. 


The Author refers to the most dangerous 
stress occurring in the thin trailing edge 
of the blade which may often lead to failure 
if there happens to be a small nick or flaw 
in the material. 

It is suggested that a binding wire might 
with advantage be fitted to the tips of the 
blades to help to support and stiffen them. 


(3) The last point concerns the use of ceramics 
in the manufacture of turbine blades. As 
this material is stated to be brittle, the 
action of any grit or hard substance 
carried over from the combustion chamber 
into the turbine would be inclined to have 
a rather detrimental effect upon the blade 
surfaces. 


MR. B. P. G. de BRAY. 


In considering the future of the I.C. Turbine, 
one factor which has to be borne in mind is 
that of cost, as affected by the materials required 
to withstand the operating temperatures, par- 
ticularly in the turbine rotor and blading. 


It is at present a long step between the 
production of laboratory samples of material 
having the requisite creep and tensile properties 
and the ability to produce sound forgings of the 
dimensions required for marine turbines. Apart 
from forging difficulties, increased machining 
difficulties multiply the cost of production many 
times, as compared with those for more normal 
materials. 


There is much scope for ingenuity in the 
design of forging rotors in order to reduce 
their operating temperatures, or alternatively 
to use a fabricated construction with a number 
of simple ring forgings welded together. 


One instance which may be mentioned, as 
giving an indication of the forging technique 
required for one of the best creep-resisting 
materials, refers to the forging of a turbine 
blade from a rectangular section approximately 
13 ins. X 4 in. section to a rough aerofoil 
section of 1% ins. chord (subsequently milled 
to correct profile). In the forging operation 
three sets of dies of slightly differing form 
are required, and each blade is reheated some 
twelve times. 


Referring to page 5 of the paper, in which 
the effects of air inlet and turbine outlet 
temperatures are considered, there appears to 
be some discrepancy between the figures quoted 
and the curves to which they refer, namely, 
Figs. 35 and 36. 


MR. J. M. MURRAY. 


There are several questions which I would 
like to ask on this very interesting but rather 
complicated subject. In the first place, it seems 
that the efficiency of the open eycle plant is 
very sensitive, and is dependent on a number 
of factors. Perhaps the most important of 
these is the efficiency of the compressor, which 


depends in part on ambient air temperature. 
Quite considerable variations of air temperature 
will be experienced in service, and I would like 
to know whether it is considered better to design 
for a low temperature and accept a falling off 
in power at higher temperatures, or reverse the 
process and have the turbine running at an 
uneconomical load at low temperatures. I have 
seen it suggested that the former solution is 
preferable and that the loss in power might be 
made up by the provision of an auxiliary 
Diesel engine. 


The second point is that of noise. I under- 
stand that the open cycle turbine may be 
excessively noisy in operation, and that the large 
quantity of air necessary for running adds to 
the difficulty. Can this diffienlty be overeome 
by fitting silencers? 

It would appear that, from the point of view 
of marine propulsion, the closed cycle plant 
offers the best solution, in that the working 
parts are not affected by the salt content of 
the air, and the problem of dealing with large 
volumes of air does not arise. It is known 
that this type of plant is being developed in 
this country and that a prominent firm of 
shipbuilders and engineers has obtained a 
licence for the manufacture of such an instal- 
lation. Could the Author state when a plant 
of this deseription is likely to pass the purely 
experimental stage so far as marine propulsion 
is concerned? 

Finally, on page 8 a reference is made to 
the lost wax method of precision casting. Could 
the Author explain this process? 


MR. J. B. DAVIES. 


Mr McLeod says that the gas turbine plant 
vould always be of a lower specifie weight than 
other steam or Diesel plants. I would be glad 
if he could give any figure to substantiate this, 
because those previously published appear to 
be very conflicting. In a paper read before 
the American Society of Naval Architeets and 
Marine Engineers in 1945 a figure of 100 tb. 
per s.h.p. was quoted for a plant of 2,500 s.h.p. 
In another paper read before the same Society 
the weight of this plant had grown to 300 Ib. 


per s.h.p. Dr. Mayer, in his North-East 
Coast paper last year, gave a weight of 84 lb. 
per s.h.p. for what appeared to be comparable 
installation. The lower of these figures gives 
a definite advantage in favour of the gas plant, 
but if the upper is correct then there does not 
appear to be much difference between weights 
of gas and steam turbines. 


AUTHOR’S 


To Dr. Dorey. 


The lightness and compactness of the marine 
gas turbine may result in profound changes in 
the conventional engine room arrangement in a 
cargo vessel. For example, using an electric 
drive, the gas turbine plant complete with 
generating equipment could be arranged in an 
open tonnage space, the only part of the equip- 
ment below deck being the electric propulsion 
motor. Such an arrangement results in a 
drastic reduction in the 13 per cent. of the 
total tonnage space allowed for engine room 
equipment with the consequent sacrifice of the 
32 per cent. permitted deduction from the gross 
tonnage for the assessment of tonnage dues, the 
actual deduction being merely the nett tonnage. 
However, the gain in eargo space available may 
prove, in some cases, depending on the operating 
service, to be more economical than the normal 
conditions resulting from adherence to the 
“13 per cent. rule.” 


To Mr. T. P. Gippeson, 

(1) For marine application with drum-type 
rotors, conventional steam turbine blade fixation 
is used. It is considered that blade fixation 
employing welding is not good practice from 
any point of view. 


(2) Neither binding wire nor shrouding has 
been used for gas turbine blades due to serious 
aerodynamic whieh inevitably 
result from their use. In modern design of 
blading, the blade centroids are arranged so 
that the maximum stresses occur in the smooth 
back of the blade. 


losses would 


With regard to the point mentioned by Mr. 
Murray that there was a high noise level in 
the plant installed in the M.G.B., IT understand 
that the Americans had a great deal of trouble 
with their plant when this was run under test 
in a shop where there would be much less 
resonance from gratings, piping, ete., than in 
a ship engine room. 


REPLIES. 


(3) With good combustion, particle size is 
controlled so that impingement will not have 
a deleterious effect. 


To Mr. B. P. G. de Bray. 


It has been estimated that for a marine gas 
turbine plant the cost of the material and 
manufacture of the compressor and_ turbine 
blades is approximately half the total cost of 
the complete plant. 


Referring to page 5 of the paper, and taking 
the nominal efficiency of 25 per cent. for the 
simple cycle at an ambient temperature of 
70°F. the increase in efficieney per 10°F. drop 
in temperature is 0-575 or 2:3 percentage 
change. For an increase on turbine inlet tem- 
perature of 100°F. the approximate change in 
efficiency for the simple cycle is 3-0. To be 
expressed on .the same basis as the ambient 
temperature effect this should read 12 per cent. 
for 100°F. merease in temperature. 


To Mr. J. M. Murray. 


The design of a gas turbine installation for 
a vessel operating in extreme conditions of 
ambient temperature should be such that good 
part load efficiency is maintained when a falling 
off in power must be accepted. In a passenger 
vessel, the increased “hotel load” in colder 
climates may be obtained from the excess power 
available from the turbine installation. 
The more efficient types of plant incorporating 
heat exchange and reheat are not so sensitive 
to change in ambient temperature as the simple 
plant. 


gas 


Noise may be reduced by minimising the 
ducting, e.g., mounting the installation on the 
main deck level. Silencers may be fitted to 
the compressor inlet, but these have to be very 
carefully designed to minimise pressure drop 
and consequent loss in compressor efficiency. 

The licensee to whom the writer refers is 
already building a closed cycle unit for a land 
power station, also another land plant is being 
constructed by the original builders, and a 
smaller plant has now been running in Swit- 
zerland for some ten years; thus it is concluded 
that this type of plant will go to sea as soon 
as a ship owner can be persuaded to take it. 

The lost wax method of producing turbine 
blades is employed when the material used is 
too hard to machine to the desired profile, e.g., 
Vitallium or Crown Max. The steps in this 
process are as follows :— 


(1) Master pattern is made in bronze or 
other easily worked material. 


(2) A die, in halves, is made from the master 
pattern. 

(3) A protecting coating of flint powder 
(002 in. thick is sprayed on the die 
cavities to ensure good surface finish on 
the blade. 


(4) Wax is injected under pressure, about 
80 Ib. per sq. in. but may be up to 
1000 lb. per sq. in., into the heated 
die. The wax is a proprietary brand 
designed to retain constant dimensions 
during cooling. 

(5) The mould material is consolidated around 
the wax model and air bubbles removed 
by means of vibrating tables. 


(6) The dried and hardened mould is placed 
in a low temperature oven and the wax 
run off and reused, the flint powder 
remaining to give a fine finish. 


(7) The mould is baked in a furnace to 
remove the last traces of wax—about 
1200°C. 


(8) The metal is poured into the mould at a 
pressure of about 10 lb. per sq. in. at, 
say, for Vitallium 1500°C. 


(9) The risers are cut off with a grinding 
wheel, the root form being also cut by 
a grinding wheel. 


To Mr. J. B. Davizs. 


The question of specifie weight of gas turbine 
plant is inevitably linked with efficieney since 
higher efficiencies are obtained by the use of 
larger heat exchange surfaces. The effect of 
inerease in size of a recuperative type heat 
exchanger on the specifie weight of the plant 
will be appreciated when it is considered that 
to obtain an increase in thermal ratio from 60 
to 75 per cent. it is necessary to double the 
weight of the heat exchanger. Thus for equal 
values o£ efficiency and output it is considered 
that gas turbine plant will always be of a lower 
specific weight than either steam or Diesel 
plants. 


The M.G.B. gas turbine plant consisted of 
an ex-aircraft jet propulsion unit supplying 
“power gas” to the propulsion turbine. In the 
conventional slower running marine turbine the 
air velocities are considerably lower, with cor- 
responding reduction in noise level. 


It is assumed that the writer refers to the 
plant ineorporating Lysholm com- 
pressors. These compressors run with an 
audible beat eight times per revolution resulting 
from the interaction of the two four-lobed 
rotors, and, as stated in the paper, they are 
noisy in operation. 


American 
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EDITORIAL NOTE. 


The Editor regrets that owing to the present printing difficulties it has been found necessary 
to reduce the length of this paper by the omission of some of the introductory sections. The 


following is a brief summary of the sections omitted :— 


Introduction. 


Sweden is now the second shipbuilding country in the world, and some 75 per cent. of her 
production is virtually “all-welded.” 
Electrie welding was first used by Osear Kjellberg for small repairs in 1902. In 1906 and 


1909 Kjellberg took out patents which were the forerunners of present-day methods. Figure 1 (a) 
shows an early repair and may be compared with 1 (b) and 1 (c), which show modern developments. 


By 1938 the almost completely welded, longitudinally framed tanker “SVEADROTT” had 
been developed. In 1944 an all-welded cargo ship of 5,069 tons gross, the “BOOLONGENA,” was 
completed. 


Weight Saving. 


In a collection of articles published by the Swedish Welding Commission the following figures 
for weight saving were published :— : 


Margin plate and frame bracket, per frame space... - a: 375% 
Main motor seating Pe ay ne ar aan aed ae¢ 33-0% 
Transverse bulkhead welded with scalloped bulb plate stiffeners... 17:0% 
Transverse bulkhead, welded and corrugated ... —... ae we 43-0% 


The ship in Figure 4 (a) represents a saving of weight of about 15 per cent. over its riveted 
counterpart. The 98 per cent. welded tanker “BRACONDA” (built 1940) is about 20 per cent. 
lighter than the equivalent riveted ship. 


The Yards. 


Before the war Swedish yards were largely laid out on the British pattern. Fortunately each 
of the large yards was able to obtain considerable undeveloped areas and to reconstitute themselves 


on a welding and prefabricating plan. New cranes will provide 40-ton lifts. 


Plate edges are prepared by shearing, planing and burning; combined shearing and planing 
machines are being installed. 


Single operator welding plants are being replaced by multiple operator types with capacities 
of 1,000 and 2,000 amps. The use of automatic and semi-automatic machines is increasing. 


Current. 
The relative merits of A.C. and D.C. for welding are still under discussion. Investigations 
have shown that :— 
1. Labour cost with direct current is less. 


2. Current cost with direct current is more. 
3. The saving in labour cost is relatively much less with large diameter electrodes. 


The following table gives the estimated costs for A.C. compared with 100 for D.C. 


Electrode % of Welding to Total Time. 
Diameter. i0. 30 


Relative Cost. 


2 mm 132-3 113-7 
4 mm 122-0 109-7 
6 mm 107-8 103-3 
Electrodes. 
Sweden is following the search for all-round electrodes, and it is considered that the use of as 
few types as possible makes for good work and reduces cost. Experience and investigations have 


shown the great advantage of using heavy gauge rods. Taking the cost with a 4 mm. rod as a basis, 
the use of a 5 mm. rod reduced the cost by 11 per cent. and a 6 mm. rod reduced the cost by 
163 per cent. 

Deep penetration electrodes are being used, e.g., butt welds on a 16 mm. plate without veeing 
of edges, one run downhand being made on each side; this was carried out by hand with a 6 mm. rod 
using 55 to 60 volts and 480 to 500 amps. Figure 2 shows the etched specimen of the joint. 

Fuse are has produced a perfect joint in an un-veed 24 mm. plate. These results probably 


point the way to the future welding of prefabricated sections. 


Profiles. 


Unfortunately the standard sizes of angles are so limited that toe-welded angles, which are 
used wherever possible for frames, stiffeners, &e.,will not reach the larger sizes required. American 
T and _ bulb plate sections have been used, but these are inconvenient for the overlapping of brackets, 
and the T bars are of uneconomic section. Built up frames of the angle pattern (see Figure 3 (a)) 
or removing the flange of large bulb angles have been tried. A new special welding profile has been 
proposed (see Figure 3 (b)) which gives an optimum relationship between inertia modulus and area. 


NOTES ON WELDING IN 
SWEDISH SHIPBUILDING. 


DESIGN. 


an all-welded or partially-welded vessel 

face, among others, special problems of 
erection, fitting, accessibility for welding, pre- 
fabrication (to a lesser or greater extent) and 
the ever present problem of “hard points” 
and “stress concentrations.” These two latter 
problems cannot be too strongly emphasized, It 
is often said that riveted design must be put on 
one side when designing a welded ship but this 
is only partly true. Until a new arrangement 
of stiffening for hull structures is evolved we 
must pay full attention to some of the problems 
in riveted vessels, and to their solution. The 
fundamental principles of bending moment and 
shearing stress remain the same, and where, for 
example, experience has shown that double 
riveting is required instead of single, it is 
certain that extra welding will also be required. 


ey designer and builder of the hull of 


The drawing office and outside staffs must co- 
operate in design for welding, and, equally 
important, the staffs for repairs and new work 
must co-operate. It is felt that many of the 
unhappy results due to notch effect, to quote only 
one example, would be avoided if those respon- 
sible for new buildings were allowed to see the 
result of this in vessels coming in for repair. 
Only too often, unfortunately, the repair work 
and new construction are in separate watertight 
compartments. 


The attempted solution of the above problems, 
as regards Swedish builders, will be seen in the 
notes on design details. An attempt has been 
made in a few cases to trace the design of certain 
details over a period of years and so indicate 
early proposals which may have been discarded 
in favour of more suitable arrangements in the 
light of experience. 


A few notes may be inserted here on those 
twin evils “hard points” and “notch effects.” As 
these two have much in common they may be 
discussed together. It is not too much to say 
that, running side by side with the evolution of 
the all-welded ship in Sweden, have been the 
shadows of these two evils. Welded vessels 
appear to be more susceptible than riveted vessels 
to stress concentrations, particularly in the form 
of notch effect. This is probably due to their 
greater stiffness. Experience in Sweden appears 
to show that hard points and notches are 
due to :— 


(1) Bad workmanship, i.e., bad welding. 
(2) Bad design. 


(3) Incorrect order of welding. 


(Notch brittleness is cited in other 
quarters as a contributory cause, but 
so far as is known, no’ research on 
this problem has been carried out in 
Sweden.) 


It has been stated elsewhere that locked up 
stresses are present in a welded vessel up to the 
yield point of the material, and that provided 
the material, including the weld, can behave in a 
duetile manner, locked up stresses due to welding 
do not impair the strength of ship structures. 
It is suggested that perhaps the words should 
have been added “unless they exist in some 
quantity at a point of natural stress concentra- 
tion.” Perhaps the danger of residual stress 
in itself has been over-emphasized, but it is 
suggested it is not possible to over-emphasize the 
danger of combinations of residual stress, stress 
concentration and notch effect. It is an unfor- 
tunate fact that the very places where stress 
concentration is most acute are those where it is 
easiest to obtain residual stress either by bad 
workmanship, bad design or ineorrect welding 


sequence, and the very places where hard points 
may occur are those where bad workmanship 
may produce a notch, e.g., a hatch corner is a 
dangerous stress concentration, and it is necessary 
to plan the design and welding sequence here 
with great care. Another example: the end of 
a fitting is usually a hard point, and it is here 
that bad workmanship may produce a crater, and 
therefore a notch. 


It is now standard practice in Sweden that all 
holes cut in the deck and shell shall have radius 
corners—hatchway openings, casing openings, 
stairway openings, deckhouse doors, sea water 
inlet openings, &e. Many of these are shown 
on the plans, but there are other openings for 
trunks, pipes, &e., which are burnt out from 
instructions on the spot, and it is necessary to 
have general yard instructions that all such 
openings shall have radius corners. Notch effect 
may be caused also by the following, and, while, 
it is realised that they are already recognised 
as bad practice, reiteration will do no harm :— 


(1) Bad finish to top of butt welds of sheer- 
strake. This is being dealt with by tack 
welding small continuation pieces beyond 
the finish of the weld, these then being 
burnt off and the surface buffed. 


(2) Undereut at the end of a fitting, perhaps 
a fairlead seat, welded to the top edge 
of the sheerstrake. Welding of any 
fitting to the top of the sheerstrake is 
now discouraged. 


(3) End of bulwarks and of accommodation 
ladder recesses where attached to the top 
of sheerstrake. Some notes on this are 
given later. 


Another design problem is accessibility of 
welds. Very often an otherwise sound design 
for some detail may involve welding difficult of 
access. It is bad practice to compensate by 
increasing the welding where access is good; 
the hard way is best, scrap the design and start 
afresh, Another point which a good designer 
will try to avoid is concentration of welds around 
one area. This is diffieult, for example, in the 


bottom of the engine room of a motor vessel 
where attachment welds to shell of centre girder, 
engine girders, floors, W.T. floors, shell butts and 
seams and girder butts must all be catered for. 

It is not possible to say that wherever any of 
the above practices are carried out, fracture will 
surely occur, but attempts to find a reason for 
failures (relatively very few in number) suggest 
the above. 


Before turning to design in more detail, it may 
be said that interlocking, sometimes advanced as 
a great asset to welded construction, is scarcely 
employed at all, and is practically confined to 
the ends of face bars on webs and girders which 
may be burned up in order to interlock on the 
end brackets to which they are welded. 


DESIGN—CARGO VESSELS. 


As stated previously, every steel vessel now 
built in Sweden has a large percentage of welding 
in its construction. In the earlier days of welding 
it was usual for the butts of shell and deck to 
be the only welding in the main structure, but 
welding is now almost universally adopted for 
the seams also. For partially welded vessels 
a common arrangement is to rivet the frames 
on the bottom and side, the remainder of the 
vessel being all-welded except for knees and 
perhaps deckhouses. Several vessels have been 
built in which the side frames were the only 
riveted members. 


It is impossible to be dogmatic as to how 
much, if any, riveting is an advantage for 
erection purposes in an otherwise all-welded 
vessel. Experience indicates that it depends on 
the method of using welding. If a vessel is built 
piece by piece on the berth with only minor 
prefabrication—single floors, bulkheads, deck 
girders, &e.—it is suggested that riveted frames 
simplify the erection. If, however, the vessel 
is prefabricated in moderately large pieces, 
riveting may be dispensed with to a very large 
extent although it will be noted from the 
sketches that riveted or partly-riveted knees and 
tank side brackets are now retained. The same 
effeet can, however, be obtained by erection holes 
as is done in tankers, and then riveting may be 
completely dispensed with. It is interesting to 


note, however, that even in the yards which carry 
out only small prefabrications, at present, 
virtually all-welded vessels are being produced, 
with even the bottom and side frames welded. 

One firm has reverted to riveted deckhouses 
in otherwise completely welded vessels, while 
another firm is using considerably more deckhouse 
riveting than recently, the stiffeners and beams 
to deckhouse tops being riveted. It is found 
that distortion in the welded light plating is 
considerable and the subsequent fairing is costly. 
Recently two vessels were constructed by the same 
firm, one with deckhouses all-welded and the other 
with riveted stiffeners and beams but welded 
plating. The greater fairness of the latter was 
most marked. This problem of welding thin 
plating is also brought home to builders of small 
vessels and in the welding of relatively thin 
lower decks, poops and forecastle decks in larger 
vessels. 


The tank top is usually all-welded, with welded 
reverse frames and transverse plating. The decks 
are also frequently so built. Some yards pre- 
fabricate sections of the double bottom and deck, 
others do most of the welding on the berth. One 
large firm which previously built several vessels 
with the double bottom structure welded to the 
shell has recently reverted to riveting. The 
. reason is probably two-fold. Some owners prefer 
riveted bottom frames on account of possible 
future repairs. The yards also preter to have 
some riveting in the vessels to retain the services 
of squads of riveters with an eye to future 
repair work. Another large firm with great 
experience in all-welded cargo ships previously 
fitted all-welded knees at margin and deck but 
has returned to riveted knees due to fitting 
difficulties. 


At the margin the general practice is for the 
tank side bracket to be welded to the margin 
plate and riveted, or partly riveted and partly- 
welded to the frames. The continuous margin 
plate is the more common practice, but a con- 
siderable number of vessels have been built with 
this member intercostal. 


Bulkheads are invariably all-welded, either 
stiffened or corrugated, but may be riveted to 
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the shell. Deck girders are invariably all-welded, 
being prefabricated and used in the erection of 
the vessel. Of the dozen or so small yards pre- 
viously referred to four are building all-welded 
vessels, the remainder employing much welding 
but combined with riveting in various ways, 
such as :-— 


(a) side frames only riveted, 


(b) side and bottom frames riveted, 


(c) riveted frames and beams, and, in one 
case, 


(d) the rather unusual combination of side 
shell with riveted seams on welded 
frames and completely welded deck 
plating on riveted beams. 


The internal double bottom structure is usually 
welded, and in one or two eases some prefabri- 
cation of double bottom and deck is carried out. 
In such small vessels this can well be done even 
with the small crane lifts available. True to 
type quite a number of all-welded tankers of 
about 200 ft. long are being built. 


Sketches showing midship sections of three 
typical cargo vessels built by different firms are 
shown in Figs. 4 (a), (b) and (c). The design 
of each of the large firms is distinctive. 


OIL TANKERS. 


Many of the remarks applied to cargo vessels 
also refer to tankers. Before the war all the 
Swedish yards building large tankers, with one 
exception, built the transversely framed type. 
During the war these firms changed over to the 
longitudinal or combination systems. Here 
again the product of each yard is quite dis- 
tinctive, and three typical midship sections are 
shown in Figs. 5 (a), (b) and (¢). It will be 
noted that the structure in way of the tanks is 
all-welded, but one large firm retains riveted 
side frames at the ends, their vessels, up to the 
present, being built on the combination system. 
A vessel not yet commenced will have welded 
longitudinals in the tanks but riveted transverse 


frames at the ends. The two other firms building 
large longitudinally framed tankers fit welded 
longitudinals throughout, except that one of them 
has welded transverse framing in the peaks. 


Three of the four yards building large tankers 
already favour corrugated, or fluted, bulkheads, 
while the fourth has proposals on these lines. 
They provide, in conjunction with welding, plane 
surfaces easily dealt with when cleaning—and, 
incidentally, when testing. It will be noted that 
one firm favours deep, flanged webs, girders and 
transverses, the others favouring these members 
with heavy face plates, in one ease the depth 
being particularly small. Experience has in- 
dicated that the large notches cut in these shallow 
webs for the passage of longitudinals renders 
suspect the strength and stiffness as a girder. 
Bottom girders and transverses are in all cases 
formed of heavy face plates welded to deep 
web plates. 


The corrugated bulkheads are arranged in 
different ways. In one ease the longitudinal 
bulkheads are horizontally corrugated—to main- 
tain their part in the longitudinal strength—the 
transverse bulkheads being vertically corrugated. 
In another type both sets of bulkheads are 
corrugated: horizontally. Fitting in all cases is 
remarkably good, and a third firm has proposed 
the corrugated endings indicated in Fig. 5 (d). 
No vessel has yet been so built, and the accuracy 
of fitting and workmanship will be interesting 
in this tricky job. Judgment is being withheld 
for the moment but some unfairness in the webs 
on the centre line has suggested that the con- 
struction with both sets of bulkheads corrugated 
horizontally needs care in providing stiffening 
so that the bulkheads are fully effective as one 
flange of a web and as pillars between the deck 
and bottom. 


Docking brackets are fitted in all welded 
tankers as there was some setting up of the 
bottom of the early vessels when docking. Oil 
hatches have radius ends and the necessary deck 
area is maintained in way of the openings by 
means of doublings, arranged as shown in 
Fig, 8 (d). These doublings also combat any local 
stress increases. 


An interesting type of construction for tankers 
was proposed and approved at one yard, although 
never actually adopted. The bottom and bilge 
plating was constructed in the usual way with 
staggered butts, and the butts of the stringer 
and sheerstrake were staggered from each other 
and from the adjacent shell and deck butts. The 
remaining butts—from bilge to sheerstrake and 
stringer to stringer across the deck were in one 
line. The feature was that all the line of side 
shell and deck plating butts were at a transverse 
bulkhead, being butt-welded on each side of this, 
Fig. 6 (a). The longitudinal bulkhead was also 
butt-welded at the transverse bulkheads and the 
longitudinals butt-welded at the same place so 
that the only continuous material in way of the 
transverse bulkheads was the bottom and bilge 
plating, the sheerstrake and the stringer plate, 
Fig. 6 (b). It is clear that a considerable 
amount of welding is saved by this proposal. 
Tankers built at this yard actually have the 
longitudinal bulkhead butt-welded to the trans- 
verse bulkhead, Fig. 6 (c), and the longitudinals 
butt-welded at the same point, Fig. 21 (c). 
It is believed the reason why the full proposal 
was not adopted was that owners were rather 
doubtful of its success. 


In both cargo vessels and tankers it is the 
practice to weld the stringer plate to the sheer- 
strake. Logically this construction is right, 
and suggestions that a riveted stringer angle 
should be fitted do not find favour with Swedish 
builders. Their justification is the lack of faults 
in Swedish built vessels which ean be attributed 
to this welded connection. If a riveted stringer 
angle is justified by the argument that it increases 
the flexibility of a vessel, this is hard to reconcile 
with recent pronouncements that there is no slip 
in riveted joints. If it is designed as a erack 
arrestor, the designer’s job is to prevent these 
cracks, and experience in Sweden hardly justifies 
the angle on these grounds. It is noted that the 
conclusions of the Admiralty Ship Welding 
Committee agree that riveting is not the remedy 
but suggest that this lies in the elimination of 
noteh brittle steel. Incidentally, Swedish captains 
sometimes express doubts when taking over a 


welded vessel that it will be too stiff, No ecom- 
plaints have been received, so far as is known, 
after service in an all-welded vessel. In fact, 
it was stated that a vessel with longitudinal 
and transverse bulkheads both horizontally 
corrugated worked more than usual. Is_ it 
possible that the flexibility produced between 
the deck and bottom by this construction is an 
advantage rather than otherwise? 


Before leaving general design and proceeding 
to some notes on details, it is proposed to insert 
some remarks on two features of Swedish ship- 
building: “scallops” and “corrugated or fluted 
bulkheads.” 


SCALLOPS. 


It is general practice in Sweden to use 
scalloped welding attachments wherever possible. 
Beams, frames, floors, &e., are all scalloped, and 
there is not only some saving of weight but the 
erater effect at the ends of intermittent welds 
is avoided and the unsealed portion of web 
between the intermittent welds, an area for 
possible corrosion, is eliminated. The scallops 
are taken out by a tool attached to an ordinary 
punching machine and have well-rounded corners. 
Standard sizes are adopted by each yard, and 
the usual size for half-round seallops is 150 mm. 
xX 75 mm., the flat type varying from 150 mm. 
x 15 mm. to 150 mm. X 50 mm. _ In profiles, 
except for very deep ones, the shape of 
scallops is as Fig. 7 (a), while for floors, webs 
and deep profiles they are half-round. The depth 
of the scallop is limited to 25 per cent. of the 
depth of the profile—i.e., in a frame of reversed 
angle type 250 mm. & 90 mm. & 12 mm. it could 
be 150 mm. X 62 mm., and the saving of frame 
weight would be about 12 per cent. at the 
standard spacing for frame connections—225 mm. 
centre to centre of scallops, i.e., a 75 mm. lug. 
In order to simplify the application of the 
system a table has been drawn up similar to 
those in the Society’s Rules for Electrie Welding, 
giving the spacing of the seallops, centre to 
centre, for different connections. The welding 
required in each ease is tabular type I or 
type IT. For example, as stated above, frame 


welding requires type II welding with scallops 
spaced 225 mm. centre to centre, while for 
horizontal girders on bulkheads it is type 
II at 240 mm. spacing, with type I at 
430 mm. spacing in way of the end brackets. 
This provides a little more welding than required 
by the Rules, but it is felt that there is a 
practical limit for minimum fillets having regard 
to corrosion, and the increase is only some 10 per 
cent. It is more practical thus to retain only 
two sizes of fillet while varying the lug length, 
and the yards prefer it. No scallops are fitted 
in the floors in way of the keel plate, i.e., over 
docking blocks. On the bottom forward in the 
“Slamming” area the spacing of scallops is 
315 mm., and the welding type I. Scallops are not 
fitted in way of the snipe of a sniped stiffener, 
Fig. 7 (b). This sniping is a popular feature 
in Sweden, and with free ended stiffeners it 
is particularly advantageous since it permits 
boundary* welding across the stiffener ends to 
be carried out more efficiently, In solid floors 
in smaller vessels, and in some parts at the ends 
of larger vessels where scallops and manholes 
are opposite each other, it is the practice to 
omit the seallops unless there is at least from 
150 mm. of material between them in 200 ft. 
vessels, up to 200 mm. in vessels 400 ft, long 
and above—see Fig. 7 (c). Experience in vessels 
coming in for survey has shown that the region 
between the corner of a scallop and a manhole 
may be a source of weakness if made too short, 
Fig. 7 (d). The position of scallops is 
easily marked out and they can be punched out 
continuously in the manner of rivet holes with 
the advantage that an error of a few milli- 
metres does not matter, <A scallop should be 
arranged to come over a welded seam where the 
scalloped member crosses it. 


It is a popular type of construction but the 
view has been expressed that distortion is caused 
to a somewhat greater extent by scallops than by 
intermittent welding, and that the danger of 
corrosion with the latter is over-emphasized. 
There is much to be said for this argument but 
the fact remains that scalloping appears to have 
come to stay, and a further point in its favour 
in bottom frames is the excellent drainage it 
provides. 


CORRUGATED BULKHEADS. 


This form of construction has become very 
common for both tankers and targo vessels. An 
estimate of the saving of weight has been given 
previously, and as well as having clean surfaces 
it is very suitable for prefabrication since there 
are no brackets, thus reducing the number of 
pieces to be prepared and attached. Sketches 
of typical bulkheads for tankers are shown in 
Figs. 8 (a) and 9 (a), and in the tanker Midship 
Sections. It will be seen that the angle of 
corrugation is 45° and it is believed this type 
is sometimes referred to as “fluted.” In ordinary 
cargo vessels the corrugations are made vertically 
and the plating is in vertical panels. The 
thickness is a mean of the rule thicknesses for 
horizontal strakes plus an extra for flanging, 
and the strength (and stiffness for tank bulk- 
heads) of the corrugations are the same as for 
bracketed stiffeners. In tankers the spans are 
generally relatively long and the corrugations 
wide and deep. While the strength is based on 
the spacing “a,” Fig. 8 (a), the plating thickness 
may be-.based on “b” with 45° corrugations, 
which explains the wide corrugations and con- 
siderable saving of weight. The first corrugated 
bulkhead in a tanker was a transverse bulkhead 
fitted in a vessel all the other bulkheads of 
which were of the normal type. In order to 
conform with the frame line, the end corrugations 
were of half the depth and consequently much 
reduced in strength. A bracket was fitted as 
shown in Fig. 8 (b) to reduce the span of this 
end corrugation but it was found that this con- 
stituted a hard point, the bulkhead fracturing 
at “x” in service and the boundary angle (this 
bulkhead being riveted to the longitudinal bulk- 
heads) developing leakage in way of the bracket. 
The brackets were therefore removed at a recent 
Special Survey and on test the deflection ap- 
peared normal and no trouble is anticipated. 
Otherwise the bulkhead has given every satis- 
faction in eight years’ service. Experience with 
this bulkhead encouraged the builders to continue 
with this form of construction and this type 
is now fitted in all their vessels. When they 
were proposed for a very large tanker the middle 
span was unusually long, and it was suggested 
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that diaphragms should be fitted across the ship 
at the half-height of this span to restrict dis- 
tortion, the tendency of the plating to straighten 
out. The builders objected but proposed dia- 
phragms in the two corrugations adjacent to 
each longitudinal bulkhead and centre line web, 
Fig. 8 (c). Measurements were made of a 
bulkhead under test without these end dia- 
phragms and with them, the result showing that 
they appreciably reduced distortion. The 
diaphragms originally suggested for the middle 
corrugations were therefore not fitted and no 
trouble has been reported on these bulkheads. 
Spans have been increasing with tanker dimen- 
sions and diaphragms are now fitted, as indicated 
in Fig. 8 (a), where these are above a certain 
limit. Experience has shown that the confidence 
expressed by the builders has been fully justified. 


Corrugated bulkheads are not all constructed 
in the same way. The first firm to adopt them 
originally proposed butt-welds at the corners as 
in Fig 9 (b) and this was approved. During 
construction in the yard this joint was amended 
to Fig. 9 (c). Later experience showed that it 
was possible to use an ordinary corner weld as 
Fig. 9 (d) and this joint is now used. As the 
bulkheads are prefabricated, no difficulty in 
fitting is experienced. Recently the welded 
corner connection has been carried out by Fus- 
are machine with excellent results. Two runs 
on the open side and one back run are required, 
all with a No. 4 rod except that when the back 
run is made first, which is done in some joints 
to suit the lay-out of the bulkheads on the skids, 
a hand weld with a deep penetration rod may 
be used. At another yard the butts are arranged 
in the middle of a panel with equally satisfactory 
results. 


The arrangement of girders and webs sup- 
porting the ends of the spans differ in different 
yards, as will be seen from the sketches. This 
affects the method of prefabrication, and the firm 
which first adopted these bulkheads have a simple 
method. To take a transverse bulkhead as an 
example, there are two horizontal girders 
dividing the bulkhead into three parts. The 
lower part is prefabricated with the lower girder 


fitted and is erected. The second part is similarly 
prefabricated and fitted on the lower girder. The 
top portion then follows, The longitudinal bulk- 
heads are similarly prefabricated longitudinally, 
but the upper and lower strakes are continuous 
through the transverse bulkheads for longitudinal 
strength. The prefabricated sections even have 
the staging already fitted in place before erection. 


Tt is usual in tankers to have as few different 
sizes for the corrugations as possible. They may 
be produced by a three roller straightening 
machine, with an angle inserted below the upper 
roller, or by a special machine which has been 
built for the purpose. This machine has bolted 
tools of various sections so that a radius corner 
may be produced, which gives an easy flange and 
is an advantage in order not to damage the 
plating. Where the direction of corrugation is 
different for the longitudinal and _ transverse 
bulkheads straight edge fitting is all that is 
necessary. When both sets of bulkheads are 
corrugated horizontally the fitting at the junction 
is also corrugated, and a jig is used to ensure 
that the shape of the edges is exact. Fitting 
to an accuracy of 4-mm. is claimed by this 
method. As the depth and breadth of corruga- 
tions is the same for all bulkheads in a vessel, and 
the sizes of vessels are somewhat standardised, 
a considerable number of bulkheads will be made 
from this jig, which is thus justified. 


WELDING CONNECTIONS. 


From the early days connections of plating 
have been of the butt type. Typical specifica- 
tions for edge preparation are given in 
Fig. 10. Some yards have a standard pre- 
paration of a 50° vee for all butts and 
seams. This is 10° less than that recom- 
mended by the Rules but excellent penetration 
is obtained and the saving in rods is econ- 
siderable. Sealing runs on the back are 
almost universal, which, together with sealloping, 
means that there are practically no unsealed 
edges in a vessel. Preparation of the back of 
the weld for the sealing run is carried out either 
by gouging or burning. Previously gouging was 
the practice but now this is often reserved for 
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thin plates. In very thick plating the double 
vee is not favoured in several yards due to the 
large amount of overhead welding, and _ the 
U-joint is employed. The connection of plates 
by deep penetration welds with only square butts 
has been mentioned previously. This method 
is employed to a considerable extent for pre- 
fabricated bulkheads and decks which can be 
turned over for the second run. Butt welding 
of a wing tank top was carried out as in 
Fig. 10 (a) in one ease, but as beams are now 
welded the method has not been repeated. Before 
this was adopted experiments were carried out 
to test the efficiency of the method, and were 
satisfactory. 


Seams of side shell plating have been carried 
out as Fig. 10 (b), and while one firm retains 
this preparation another gave it up due to 
diffieulty in obtaining equal fusion in the two 
edges, presumably due to the different rates of 
heat transference. 


A typical specification for the attachment to 
the shell of lower decks, wing tank tops, &c., 
is given in Fig. 10 (ce). It will be noted that 
the vee is only 40°, but experience has shown 
that penetration is satisfactory. 


As mentioned, the decks are invariably welded 
to the shell. Some of the various methods which 
have been employed are indicated in Fig. 11. 
A method recently approved but not yet used 
in a vessel is shown in Fig. 11 (ce). 


All welds are carried out continuously along 
the length, no stepping back being employed, 
except in one of the small yards, which may, 
however, have discontinued this method. 


Crossing welds have been accepted at the 
junction of prefabricated sections, provided the 
plating is made of slightly too great length so 
that it may be burned or planed back to perfect 
material at the end of the seam welds. The use 
of continuation pieces to obtain the same effect 
has also been proposed, <A typical specification 
of laying the weld material in butts and fillets 
of various sizes in different positions is given 
in the table on the following page. 


Throat: 
thickness. 
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Downhand Fillet. 


Amp. 
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Number of runs. 
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Vertical Fillet. 


Amp. 
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Overhead Fillet. 


Amp. 
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Number of runs. 
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Plate 
thickness. 


12 mm. 
16 mm. 
20 mm. 
24 mm. 


12 mm. 
16 mm. 
20 mm. 
24 mm. 


12 mm. 
16 mm. 
20 mm. 
24 mm. 


Downhand YV-butt. 


Amp. 
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Number of runs. 


1 1 2 
1 1 3 
1 1 4 
1 1 7 


Vertical V-butt. 


Amp. 
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Downhand V-butt with Fusare 
(bottom and deck). 


Amp. 
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lt will be noted :-— 

(1) The largest electrode used for vertical 
and overhead welding is 4 mm. dia- 
meter. 

(2) That with the Fuseare welding a hand 
run is put in first. It has been at- 
tempted with a Swedish automatic 
machine to put in the bottom run by 
machine, but the result was unsatis- 
factory. 


The fillet dimensions are throat thicknesses, the 
measurement used in Sweden. 


Recently tests have been made with Fusare 
equipment and still others are being prepared. 
The details available for the tests carried out 
up to the present are as follows :— 


1.—The first series is intended for work carried 
out on skids, i.e., the job ean be turned over. 
All butts were un-veed, one run was applied 
down-hand to each side and a No. 2 electrode 
was used throughout. The voltage was 60. 


Plate Gap Amp. Amp. 
thickness Ist. run. 2nd run. 
(1) 24 23-3 mm. 750/800 1000 
(2) 21 14 mm. 700 850/900 
(3) 19 14 mm. 700 850/900 


It was thought that the gap in case (1) was 
too large as the weld material was not quite flush 
with the plate surface over the whole length. 


2.—The second series is designed for work 
on the berth, where the job cannot be turned 
over. The aim is to obtain sufficient penetration 
from above with few runs at high current to 
enable burning out of the back to good material 
to be sufficiently shallow for one overhead run 
to suffice. The edge preparation chosen is as 
Fig. 11 (a). A No. 2 electrode was used through- 
out and the voltage was 60. 


Plate No. of 
thickness downhand runs. Current. 
(4) 19 2 700 
(5) 24 3 700 


Penetration was not so good as expected since 


the rod could not reach down to the bottom of 
the vee, Fig. 11 (b). No improvement in 
penetration was obtained with a No. 4 rod. It 
was, however, possible to burn up to good 
material and complete the joint with one over- 
head weld with a 4 mm, rod. U joints would 
be good for this work but are troublesome to 
prepare, and it is intended to attempt the job 
with the same edge preparation as before but 
with a root run put in by hand using a deep 
penetration rod so that the Fusare electrode can 
then get right down to the surface. X-ray 
photographs of the five welds already made gave 
one No. 3, three No. 4 and one No. 5 quality 
welds (see section on Inspection), ‘Tensile test 
pieces all broke clear of the weld, and, with other 
test pieces perforated in order to cause fractures 
in the welds, the mean tensile strength was 
60 kg./mm2. 


Previous tests to compare Fusare and Union- 
melt in workshop conditions gave equivalent 
values for each as regards tensile tests, but in 
Charpy impact tests Fusare showed an ad- 
vantage of 124 per cent. The value of this 
high current berth welding can be understood 
when it is stated that deck plates 35 mm. thick 
are likely in a vessel which will be built in the 
not too distant future. 


WELDING DETAILS. CARGO SHIPS. 


Dovuste Borrom.— Typical double bottom 
sections at solid floors are indicated in the 
midship sections, but Figs. 12 (a) to (e) show 
sections in way of open floors. Fig. 12 (d) is 
a design built by one yard in 1945, while 
Fig. 12 (a) is a recent submission by the same 
yard. It will be noted that riveting has been 
reintroduced. Fig. 12 (b) is a recent approval 
for another yard, but it is significant that, 
whereas the vessel in Fig. 12 (a) is built piece 
by piece on the berth, that of which Fig. 12 (b) 
is a part is prefabricated. Fig. 12 (c) is for a 
vessel built by a third yard, which although it 
constructed the first all-welded vessel in Sweden 
has yet retained some riveting in the double 
bottom of cargo vessels. These latter vessels 
are not prefabricated. The double bottom pre- 
fabricated sections for the vessel in Fig. 12 (6) 


consist of tank top, floors, bracket floors and 
margin plate for a length of about eleven frame 
spaces. 


GussEets.—Welded gussets are now the general 
rule, Figs. 12 (a), (b) and (c) indicate various 
designs, all of which, it is considered, are a great 
improvement on any riveted type. At the 
forward end and in the panting area the frames 
usually pass through the tank top, and are 
collared (Figs. 12 (f) and (g)). In the panting 
area fractures have oceurred in the tank top 
plating at the toe of the collars and in the frames 
just below the tank top (Fig 12 (g)), presumably 
due to the hard point produced. Small brackets 
on the frame foot at the tank top are recom- 
mended, but owners dislike these brackets. 


Bree ARRANGEMENTS.—Frame foot connec- 
tions at the bilge are of varied types, and show 
the efforts to obtain assistance in erection, to- 
gether with a modieum of welding. Figs. 13 (b) 
and (c) show, with dates, submissions by one 
firm. Similar details for a second firm are 
indicated in Figs, 13 (d) and (e), again with 
dates. Both these firms normally fit welded 
frames, and the latter firm prefabricates. It 
will be noted that the trend is back to riveting 
or part riveting. A further proposal by yet 
another firm is indicated in Fig. 13 (a), with 
intercostal margin plates. 


Bram Kwneges.—Developments have followed 
similar lines to those for tank side brackets. Two 
firms have remained in favour of riveted knees, 
while a third firm fitted welded knees as indicated 
in Figs. 14 (a) and (6), but fitting difficulties 
were encountered, so riveted knees were re- 
introduced (Figs. 14 (c) and (d)). This latter 
firm have recently proposed the arrangement 
shown in Fig. 14 (e) at the second deck of a 
shelter decker, |The development of bulkhead 
stiffener brackets has followed a similar course. 


Beams.—Few riveted beams are now fitted. 
A welded arrangement which is not yet common 
is indicated in Fig 15, the beams being cut at 
the deck girders. The sketch shows how con- 
tinuity is obtained. Different beam scantlings 
inboard and outboard of the girders may be 
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fitted with this arrangement to allow for different 
spans. 


Deck GIRDERS AND HatcH Enp BrAms.— 
Typical girder sections, together with hatch end 
beam brackets, are shown in Figs. 16 and 17. 
The radius flange in Fig. 16 is fitted in way of 
hatches to obtain an easy run for wire ropes, 
&e. Typical gusset arrangements are also shown. 
These girders are invariably prefabricated, in 
one case in conjunction with the deck plating 
and beams. 


Pillars are of various types, usually either 
hollow, round or H bar. ‘The general practice 
is to fit a capping plate if the thickness of the 
girder face plate is less than about 1-5 times 
the pillar thickness. This is usually done by 
welding a local thick portion into the face plate. 
Doublings are fitted at the tank top about 
100 mm. greater in size than the pillar dimen- 
sions and about 1:5 times the pillar thickness. 
Doublings are always fitted below a pillar at 
a third deck, and sometimes, but not always, 
at a second deck; but one firm, in contradiction 
to this practice, fits no doublings below H pillars, 
but relies on the arrangements shown in Fig. 18 
to obtain continuity of the pillar through the 
tank top or deck. While it is questionable if 
the welding of a heavy pillar direct to tank top 
plating of moderate thickness is good, doublings 
may require to be plug welded to the tank top 
or deck, as otherwise there would appear to be 
a tendency for them to be bulged up if only 
welded at the edges. This tendency is, however, 
not so probable if the size of the doubling is 
little greater than that of the pillar foot. 
Typical strengthening of girders at pillar heads 
is indieated in Fig. 18, At the foot of a pillar 
no brackets are usually fitted to the H bar type, 
continuity being maintained as indicated in the 
sketches. 


Harcu Corner Doustines.—The arrangements 
at hatch corners vary (see Fig. 19), and may be 
large thick insert plates, fairly small welded 
doublings, or larger welded doublings with ad- 
ditional small pad pieces. Sketches of the corner 
of a typical weather deck hatch coaming are also 
shown. 


Incrns SeaTs.—These are now generally of 
all-welded construction, and examples are shown 
in Fig. 20. It will be noted that use has been 
made in some cases of a special American T 
section, Up to the present welded seatings 
have given every satisfaction in service, and this 
appears to be a part of the vessel where welding 
can be incorporated with great advantage. 


TANKERS. 


LONGITUDINALS.—Several methods of obtaining 
continuity of the longitudinals at the bulkheads 
have been employed trom the simple one of 

‘butt-welding them on either side to the cutting 
of slots to allow a thick bracket of relatively 
small dimensions to pass through (Fig. 21 (q)). 
Both forms of construction have proved sound. 
It will be noted that where the longitudinals are 
merely butt-welded on either side of the bulk- 
head a small stiffener is welded to the bulkhead 
and longitudinal at right angles to the latter to 
prevent a hard point being formed by the load 
of the longitudinal on the bulkhead, or vice 

A recent submission which will shortly 

be laid down provides bottom longitudinals of 
deep flanged plates, these being butt-welded on 
each side of the transverse girders, while the 
depth at the bulkheads is inereased sufficiently 
to give the necessary strength without the flange, 
so that only a flat plate (the web) is slotted 
through (Fig. 21 (0)). 


versa. 


Wess AND TRANSVERSES.— The different 
methods of forming these are clearly indicated 
in the midship sections shown, In the case of 
the flanged webs a detail of the construction at 
the toe of the bracket is given in Fig. 22. Care 
in the welding where the flange joins the flat 
bar is necessary. It may be said that a small 
flange up to 170 mm. does not require the 
tripping brackets or flat bar stiffeners to be 
welded to it, which is an advantage both from 
the point of view of the yard in fitting and for 
workmanship. 


As regards lightening holes, pipe holes, &e., it 
is suggested that the general rule followed is 
sound, namely, the breadth of the hole should 
not exceed 25 per cent. of the depth of the web 
and its centre should be about 40 per cent of the 
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web depth from the shell or bulkhead. Holes 
for longitudinals and frames have well-rounded 
corners, and it is attempted, although not always 
possible, to restrict them to about 25 per cent. 
of the web depth. 


YARD PRACTICE. 


As in most continental yards, pre-marking 
of plates by loft work is extensive, and was 
even with riveting. In a recent 25,000 
ton whaling factory only 37 shell plates were 
lifted from the whole vessel. This extensive 
pre-marking means that the only members re- 
quiring to be plumbed are the bulkheads, the 
rest of the structure automatically taking up its 
correct position. In welded vessels where pre- 
fabrication is not followed the lengths of the 
straight side and bottom shell plating and the 
decks and tank top need not be cut with extreme 
accuracy, since minor errors can be corrected 
at the end plates by cutting them proud and 
hand burning to the correct lengths. With pre- 
fabricated sections in which the beams, &c., must 
pick up the frames exact lengths are required. 
While hand burning is reasonably accurate, it 
should be reduced to a minimum, but suggestions 
that a tacked guide bar should be used to assist 
the burner have not found favour, although in 
one case a burner with wheel attachment has 
been observed, this helping to guide the flame. 


so 


Welding sequence is important but somewhat 
difficult to apply. The general principles— 
starting at midships and proceeding forward and 
aft, starting at the centre line and working out- 
board, proceeding along both sides of the vessel 
simultaneously, never proceeding past an un- 
welded butt with seam-welding, welding before 
riveting—are adhered to, but unless unlimited 
numbers of welders are available it is certain 
that some items will remain to be done which 
experience suggests should bave been welded 
earlier. As an example, it is not possible to 
complete the welding of motor seatings, &e., in 
the engine room before proceeding with the tank 
top forward and aft unless they have been pre- 
fabricated. A recent survey strikingly confirmed 
the necessity for welding before riveting. The 
rivets in the wing bunker bulkheads in the engine 
room of a tanker were leaking in many places. 


Examination showed that in nearly ali the more 
severe cases some fitting had been welded to the 
bulkhead in the region of the leaky rivets, and 
these fittings are always welded on after the 
bulkhead is tested. 


The general erection sequence for the cargo 
vessel shown in Fig. 4 (c) will be somewhat as 
follows :—Keel plating laid and the butts welded, 
starting from midships and proceeding forward 
and aft. The plates used to be wedged up an 
estimated amount to allow for the bending due 
to welding contraction, but it has been stated 
that with machine Vee welds using large elee- 
trodes the burning out of the back and the sub- 
sequent application of a sealing run removes 
much of the distortion without dogging. The 
plates are strong backed at the ends of the butts 
to keep them level, Welding is then proceeded 
with, the first run being by hand and the 
remainder with a machine. The holding ar- 
rangements of a particular butt are not removed 
until the next butt is completed. It may be 
mentioned here that a welding foreman stated 
that distortion and shrinkage are less in plates 
containing frame rivet holes than in plates 
without holes. At other yards pre-setting is 
still followed, but it is agreed that it is small 
where large diameter rods are used. In the case 
of decks, &e., much reliance is placed on fairing 
after completion. This is done by heating by 
blow lamp and hammering. Shrinking by the 
application of water, a favourite device in the 
earlier days if not detected, must be strongly 
discouraged. To return to erection, in laying 
the plates contraction is also allowed for by 
increasing the spacing of the frame space 
covering the weld by an estimated amount. In 
a vessel with a 21-5 mm. keel this amount was 
made 4—5 mm. 


Following welding of most of the keel, butts 
the laying of bottom shell is proceeded with and 
the butts and seams welded according to the 
usual sequence mentioned. When welding the 
seams a heavy angle is fitted alongside the part 
of searh to be welded and about 12 inches away, 
being wedged tight on to the plating to keep 
it plane. The centre girder is then erected and 

the butts welded, followed by the erection of 


the floors and side girders. If the centre girder 
is welded to the shell this is done before the 
floors are fitted. The margin plate, with tank 
side brackets attached, is now erected, and the 
internal welding of the double bottom proceeded 
with. This is completed before the tank top is 
erected, the welding of butts and seams of which 
then proceeds. Welding of the floors to the 
tank top follows. If the floors are riveted to 
the shell this is done after the double bottom 
welding is well advanced. The erection of the 
framing is then commenced, and the bulkheads, 
prefabricated in two or three pieces, erected and 
plumbed. Erection of the framing then con- 
tinues, together with erection of the deck girders 
and hatch end beams. Erection of the bilge 
and side shell is then commenced, followed closely 
by the deck beams and plating, and welding of 
the shell and deck plating proceeds, The shell 
welding follows the general rule of proceeding 
from the bottom upwards and the welding of 
deck beams follows the welding of the deck 
plating. The general direction of the- shell 
welding is as shown in Fig. 23. Some lifting 
of the ends of the vessels has been observed, 
and this is dealt with by holding down the ends. 
The holding down is effected either by ties welded 
to the bottom forward and aft and attached to 
fittings embedded in the berth cement or the 
ground or by weights placed on the tank top 
at the ends. The ties can be adjusted as 
necessary to bring down the structure by screws, 
the arrangements being as in Fig. 24. The 
relatively small ties which are employed for this 
purpose suggest that the forces required are not 
great, and that any stresses put into the structure 
by holding down the ends will be small. It is 
evident that the natural tendency of the ends 
to drop neutralizes, to a large extent, the lift 
due to welding. The above holding down ar- 
rangements are fitted, in a cargo ship, after the 
centre girder has been welded in place. In a 
yard using prefabrication .up to 30 ton sections 
lifting is practically negligible. This suggests 
that, as with butts in which the application of 
many runs causes considerable distortion, so with 
the hull, lifting is more serious if the vessel is 
erected piece by piece and welded on the berth 
than if it is prefabricated to a considerable 


extent. It is known that one yard using the 
piece by piece method of erection and a com- 
pletely welded double bottom had considerable 
trouble due to lifting, not only at the ends of 
the vessel, but at the ends of the machinery 
space, in which there is much welding of floors, 
engine seats, &e., to shell and tank top. 


In the case of a tanker, the general sequence 
is the same, and in these vessels erection is often 
considerably ahead of the welding. The frames 
are welded to the shell and the usual procedure 
followed is that the plating is welded first, the 
attachment of frames following. In the tanker 
shown in Fig. 5 (e) the general sequence of 
erection after the bottom shell will be (1) bottom 
strakes of longitudinal bulkheads (continuous). 
The butts of these are then welded together with 
the connection to the bottom shell. (2) Bottom 
section of centre tank transverse bulkheads, 
(3) centre span of transverse bulkheads, (4) top 
span of centre tank bulkheads, (5) longitudinal 
bulkheads and wing tank bulkheads and side 
webs, (6) side framing and deck longitudinals, 
(7) shell and deck. 

The bilge strake at the ends is a closing strake, 
lifted from the vessel, and is welded last. 


Some of the methods used for hanging the 
shell plates to the framing and for ensuring 
fairness for welding are shown in Fig. 25. 
These and other fittings are tack welded to the 
plating. A small but important detail learnt 
by experience is that these fittings should be 
lightly tacked on one side only so that a hammer 
blow from the other side will fracture the 
welding, any weld material remaining being 
dressed off. It it is welded on both sides removal 
usually takes some parent plate with it, and.such 
craters have been noted some 4—5 mm. deep 
requiring welding up. welding of 
erection fittings may also erater the plating at 
the end of a tack weld for a considerable depth. 


Careless 


A problem which is ever present with welded 
vessels is unfairness of plating surfaces. Some 
of this is due to the direet effect of the welded 
butts, but ean be controlled to some extent by 
procedure—i.e., order of welding, presetting and 
holding down. A more diffieult type to deal 


with is that found in lower decks, which immedi- 
ately after completion may have been quite fair. 
The cumulative effect of the later welding of the 
upper shell and the top decks, which shrinks 
the topsides, causes buckles to appear in the 
lower decks. If it were possible to leave much 
of the lower deck welding until completion of 
the topside shell this might be avoided, but the 
number of welders which it would be necessary 
to concentrate on a vessel in the late stages 
would be very large. Here again this trouble 
has not been experienced in the yard whieh is 
foremost in prefabrication. The lower deck is 
prefabricated in sections about ten frame spaces 
long, and the deck is completely welded together 
before welding to the shell commences. Much 
of the upper deck is also prefabricated before 
this is fitted in the ship, thus reducing the top- 
side shrinkage, It is difficult to define exactly 
when unfairness should be removed and when it 
should be allowed to remain. The problem of 
unfairness is particularly difficult when decks 
are to be coated with thin composition. It is 
further complicated by the fact that the heat 
from direct sunlight is apparently able to expand 
the decks sufficiently to cause considerable 
buckling. In one case disturbing unfairness 
was found one morning in the upper deck of a 
vessel fitting out, and the next day it had almost 
completely disappeared without treatment. The 
only explanation which could be put forward 
was the strong sun the first day. This was not 
the first case of a similar nature. It raises the 
point that if buckles due to this cause are taken 
out while the plating is sun warmed considerable 
stresses will be put in the plating when colder 
weather arrives. 


The theory has also been put forward that 
with burnt edges some contraction is already 
caused by the heat and is accentuated by welding 
while shearing stretches the edges slightly, this 
being removed on welding. This preblem of 
unfairness is raising considerable discussion, and 
no definite solution has yet been found. 


As regards arrangements for ensuring good 
welding procedure, a general sequence is pre- 
pared which applies to all cargo vessels and a 


second sequence for tankers. As the types of 
vessel do not vary much this procedure is quite 
satisfactory, The number of welds, &c., for a 
particular joint are decided in the yards, usually 
by the welding foreman. No scheme of welding 
giving number of runs, sizes of rods, currents, 
&e., is sent out from the D.O. It is pointed 
out that some elasticity must be allowed, as it 
depends to some extent on the welder himself 
which rod and which size of rod he prefers. 
There are roughly about twenty welders to each 
foreman. One yard has a. special welding 
engineer, the others rely on the head foreman 
and foremen under the yard manager. 


This section may be concluded by a note on 
the practice of the yard which is foremost in 
prefabrication. The material is prepared in the 
plating shop and passed direct to the adjacent 
welding shop. The cranes are 10-ton, except 
for one 40-ton covering the welding area, and 
there are 40-ton cranes at the berths, Prefabri- 
cation of parts of deck sections, wing tank top 
sections, &¢., takes place in the shop, and they 
then pass on to the head of the berths, where 
sub-assembly takes place, larger pieces of deck, 
&e., being welded together. Other typical 
sections are double bottom for about eleven frame 
spaces, engine seating, including double bottom, 
wing tanks aft, fore peak, after peak up to 
about 30 tons. These are then lifted down to 
the berth and placed in position. While in the 
pretabricated parts welding is universal, some 
riveted connections between the various sub- 
assemblies are arranged to facilitate erection on 
the berth. The sections are largely self-staying. 
In this yard, too, prefabricated shell sections 
with frames attached are welded and vertical 
side shell plates and panels have been fitted. 
Some of the small yards are also practising 
prefabrication on similar lines. 


There appears to be a feeling in some quarters 
that longitudinal framing is a help for pre- 
fabrication, One yard considered the building 
of a large longitudinally framed cargo vessel and 
another yard has submitted plans for a large 
cargo vessel with longitudinally framed upper 
deck, this being intended for prefabrication. 
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Photographs showing the layout of the new 
portion of the yard which is foremost in pre- 
fabrication and the erection of of the 
prefabricated sections are shown plates 
following the sketches. 


some 
in 


INSPECTION. 


Most of the large yards in Sweden have such 
long experience in welding that they possess a 
hard core of good welders for the important 
parts of a vessel. Labour is very short, however, 
and there is some difficulty in obtaining welders 
of high class in sufficient numbers to make a 
manager’s job easy. 


Quality of welding depends to a great extent 
on the yards’ own inspection. Surveyors cannot 
see the whole of every weld put into a vessel, 
and even the closest inspection by yard inspectors 
cannot see every part of every weld. The yards 
have a welding foreman on each vessel. 


Each section of welding is marked with the 
welder’s number so that any fault is easily traced 
to the responsible workman. Payment is on the 
piece-work system, and is carefully worked out 
on a basis which gives adequate wages, for by 
now the yards have sufficient data on welding 
costs to price almost any job which may be 
necessary. Carefully worked out time-studies 
of labour are popular in Sweden. Any fault 
has to be made good by the welder concerned, 
which helps good workmanship, Protection of 
welders is a diffieult problem in Sweden, as if 
welding were stopped for cold weather, wind or 
rain little shipbuilding would take place in the 
winter months. On staging the most that can 
usually be provided is some sort of canvas 
covering. 


As regards inspection by the Classification 
Surveyors, this is necessarily limited. Prepara- 
tion of the edges of the material is inspected 
in the shops and the fitting examined before 
welding. The gap at the bottom should be even 
with planed or machine burned plates, but where 
hand burning has had to be resorted to it is 
likely that will some millimetres’ 
variation. No harm is done if the gap is not 
more than 4-5 mm. locally, but if it is considered 


there be 


too large one side is built up before the closing 
weld is applied at the bottom. As regards 
inspection of the welding itself, the steadiness 
of the are, the appearance of each run and the 
penetration of the first run give a good idea 
of ,the quality of the weld. Checking of the 
current being used is also useful, but as this 
depends on the electrode being employed, the 
type of welding and the thiekness of plating 
there may be variation within considerable limits. 
The brushing out of slag before applying further 
runs should also be examined where possible, and 
here the welders often employ a pneumatic tool 
to loosen it, followed by wire brushing. The 
quality of the veeing out for the sealing run is 
also inspected to see that good weld metal is 
reached, and finally the sealing run is inspected. 
The above cannot be done for other than a 
relatively small proportion of the welding, but 
it has been shown here that the welding over 
a vessel is of an even standard, and the foregoing 
inspection, together, of course, with eontrol of 
sequence, gives satisfactory results. 


X-ray photographs have been taken on the 
berth at different places in the hulls of several 
vessels built in Sweden, and have indicated an 
even, good quality standard. This is the justifi- 
cation for suggesting that satisfactory results 
have been obtained. 


The foregoing methods would be useless if it 
were not certain that the ability of the welders 
is good. Each large yard has its own school 
where the welders are trained. When reasonably 
proficient they are sent out to execute welding 
on relatively minor parts of a vessel, e.g., 
stiffeners of tonnage bulkheads, of small deck- 
houses, tack welding of erection pieces, &e. As 
their experience and ability improve they are 
drafted to more important work. 


It was mentioned that the hulls of several 
vessels have been X-rayed. There is an organi- 
zation in Sweden called “Rontgeneentralen” 
which can be employed for this purpose. Usually 
the yard asks for a fixed number of photographs 
to be taken on a particular ship, and specifies 
where these are to be done. One yard has an 
arrangement whereby cach welder has twelve 
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photographs per year taken from his work, these 
being made without warning. The resulting 
photographs are then discussed at intervals with 
the welders and foremen. 


Tekniska Rontgencentralen was founded in 
1937 by the Academy of Engineering Science 
under the roof of the Stoekholm University. 
In 1941 it was transferred to the Government 
Testing Institution, Stockholm, and is now 
regarded as the official organization by the 
Government, Admiralty and War Office Depart- 
ments and by the Commercial Institutions in 
this country. 


Roéntgencentralen has its own portable appara- 
tuses, which can be sent to any works when 
desired, accompanied by an expert who will take . 
the photographs of the weld joints and give 
advice regarding their efficiency. 


The quality of welded joints is placed in five 
grades, 1 being the lowest and 5 the highest. 
No. 1 is always rejected and must be repaired. 
Such a weld would indieate a fracture, lack 
of penctration or large pores or large slag in- 
clusions, or alternatively a combination of all 
three. No. 2 is condemned when the efficiency 
of the joint is intended to be above 70 per cent., 
and will have the same characteristies as No. 1, 
but to a lesser extent. If the joint is below 
70 per cent. efficiency, each case will be con- 
sidered on its own merits. 


Joints Nos. 3, 4 and 5 ean be accepted, but 
in certain eases joint No. 3 might require to 
be repaired. Joint No. 5 has isolated pores. 
Joint No. 4 has isolated pores and isolated or 
small slag inclusions. Alternatively, No. 4 may 
contain porosities and isolated small slag in- 
clusions. 


Joint No. 3 may have :— 
(a) Isolated pores and larger slag inclusions. 
(>) Pores and slag inclusions. 


(c) Numerous pores, some large. 


SERVICE EXPERIENCE. 


While all-welded ships of great age do not 
yet come under survey, many of the vessels 


undergoing docking and the earlier surveys have 
much welding in their main structure. Corrosion 
of bottom shell welding does not appear to be 
excessive, since on the rare occasions it has been 
present locally it has been associated with similar 
corrosion of riveting, indicating that it is not 
the welding which is at fault. One Swedish 
owner specifies that all shell welds shall be buffed 
off on the outside level with the shell, and, in 
spite of gloomy forecasts, no worse corrosion has 
been noted in the welding of these vessels than 
in others. It may be mentioned here that this 
is in spite of the fact that conditions have been 
difficult lately with the bottoms of vessels, since, 
due to the pressure on docking space, they have 
not always been allowed to dry properly before 
_and after painting. Severe corrosion of welds 
in rudders has been noted, but the same has 
been observed on the riveting of rudders, and it 
is almost. certainly due to the ship stream. 


All-welded shell plating is practically always 
slightly wavy between the frames, as can be 
seen most easily when the sun is shining on a 
newly painted side. This effect on bottom shell 
is perhaps slightly more evident after service, 
but no case has been noted deserving of special 
mention. Any pronounced waviness of deck 
plating has not yet been observed. 


Several repairs to welded hulls have been 
earried out, some of very great extent, Much 
of the plating and framing required to be re- 
newed in the larger damages, but eases of bottom 
damage forward have involved removal, fairing 
and replacing of shell and floors, the latter being 
welded to the shell. This has been done sue- 
cessfully by gouging out the fillet welds with a 
special burner (that used for gouging the plating 
for the back run of welded butts), buffing off the 
shell plating, veeing out the floors by chipping 
and rewelding the job without any insert of 
material. It may be said that for relatively 
minor bottom damages and in the ease of ice 
damage, as welded shell is definitely more re- 
sistant to leakages, the class, in many cases, may 
be recommended to be retained “subject to 
repairs at first convenient opportunity,” without 
even temporary repairs being required. 


One case may be mentioned without comment. 
A large all-welded tanker ran aground and had 
very severe damage forward. The plating was 
“shattered,” i.e., it fractured in many different 
directions, somewhat in the manner of glass, and 
large buckled areas were conspicuous by their 
absence. No comparable type of fracture has 
been observed on any other damage case. 


FAILURES IN WELDED SHIPS. 


Tt is thought preferable to combine under this 
heading failures during construction and failures 
during early service, It is fair to state that 
failures in welded construction have been few 
in Sweden, and no spectacular fractures have 
oceurred during construction or fitting out. It 
is frequently difficult to assign reasons for 
isolated fractures, and as most of the relatively 
small number which have occurred during 
building have been chipped out and welded up 
without any subsequent recurrence of the trouble 
it goes far to suggest that the fracture has 
relieved some stress which has been present. 
It would be satisfactory to be able to record 
that all failures can be definitely traced to a 
particular cause, but this would be far from 
true, the only real cases where repeated trouble 
has established a definite reason being at the 
ends of bulwarks welded to the sheerstrake. In 
other eases one is fairly hopeful that the cause 
has been traced, but an exactly similar con- 
struction on another ship or elsewhere in the 
same one may have given no trouble. 


Probably the most interesting way to discuss 
the failures is to collect them under typical heads 
and comment accordingly :=- 


A. Several cases have oceurred of fractures 
running perpendicular to a welded seam or butt 
with no apparent reason. These have usually 
occurred during construction, and most of them 
would be more properly described as cracks a 
few inches long. These were probably due to 
original faults in the edge of the material, and 
one or two of the larger ones were definitely due 
to lamination. In nearly all cases they were . 
veed out, welded up and no further trouble has 
been reported. 


B. A more typical welding fracture oceurred 
in the tank top of a vessel under construction 
(Fig. 27). There is considerable concentration 
of welding, particularly at the corners of the 
seating, a potential notch, where the fractures 
presumably started. An interesting point is 
that this construction was carried out in ex- 
ceptionally cold weather, night temperatures of 
about —20° C. Another typical fracture occurred 
on a vessel lying on the stocks after suspension 
of work for tour months at a sharp hatch corner 
with a heavy insert plate, but this was attributed 
to faulty sequence (Fig. 27 (a)). In both cases 
the plating was renewed, and no further trouble 
has been reported. : 


C. A few cases of fractures have been attri- 
buted to the welding of fittings after completion 
of the main structure. Fig. 28 shows one which 
was discovered three months after completion, 
the vessel having been laid up, A further case 
oceurred in the second deck plating at the after 
end of a vessel, being discovered just before 
trial and thought to be due to a seating for 
a spare shaft having been welded to the deck 
(at a late stage) with continuous welding. Fig. 
29 is of a case which occurred during service, 
and is attributed to the end of the weld con- 
necting the fairlead seat to the sheerstrake. 
Fig. 30 is a further fracture very close to a 
fitting welded to the deck. In this ease the 
beams and deck seams were riveted. The 
repairs, presumably satisfactory since no more 
has been heard, were carried out by raising new 
butts and seams and welding in new portions 
of plating. 


D. Two fractures have occurred in the plating 
of decks in refrigerated spaces, both during 
service. 


E. Notch effect was the obvious cause of a 
few service fractures and cracks, mostly minor, 
but one serious, The latter due to a 
ventilator opening having been cut with sharp 
corners, the burner at one of these having gone 
too far and notched the plate. This fracture 
spread seriously, but fortunately stopped before 
a major casualty occurred (Fig. 31)). The most 
fruitful eause of minor fractures has probably 


was 


been square cut inlet openings at the bilge. 
These now either have radius corners or are 
made with semicireular ends. Other minor 
fractures due to burning openings with sharp 
corners have been found. 


Fk. Notch effect due to sudden change of 
section has caused numerous minor and a few 
dangerous fractures at ends of bulwarks and 
accommodation ladder recesses. These 
proved troublesome to deal with, as repairs have 
sometimes tended to move the point of danger 
to another position. It may be interesting to 
The original arrangement 
showing the first fracture is shown in Fig. 32 (a). 
A repair was carried out by welding in a bracket 
to ease the notch effect as shown in Fig. 32 (b), 
but the fracture recommenced. A portion of 
the sheerstrake was then removed and a plate 
of contour shown in Fig. 32 (c) welded in. 
Some voyages later a fracture commenced in this 
plate, as indicated. The shelf plate in the recess 
was then totally burnt away from the sheer- 
strake, as shown in the last sketch (d), and no 
further trouble has yet been reported. This and 
similar incidents have led to an arrangement 
being generally adopted in Swedish ships similar 
to that recommended in the Admiralty Ship 
Welding Memo., the bulwark not now being 
welded to the sheerstrake at all. It is interesting 
to note that a group of vessels were built at one 
yard with a bulwark welded to the sheerstrake 
in way of the. midship house, no notches being 
cut at the ends of the sheerstrake and bulwark 
butts as is recommended, while the break down 
of the bulwark at each end was by a simple 
fashion plate. The owners require that a half- 
round bar should be fitted along the top of the 
sheerstrake all fore and aft, and also up the 
edge of the fashion plates and along the bulwark 
top. No fractures have been reported in these 
vessels, although there are sharp corners at the 
ends of the accommodation ladder recesses. 
Apparently the continuous half-round suceess- 
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trace one such ease, 


fully covers all the weak spots. 


G. The abutting of toes of welded brackets 
on plating panels has caused several fractures. 
These have occurred where the stringer bracket 


joins the fore peak bulkhead and in the corru- 
gated bulkheads of tankers (Figs. 8 (b) and 33). 
The same type of fracture oceurred in several 
places in one vessel where the flanged corner 
of a horizontally corrugated transverse bulkhead 
was connected to the plating of a similar longi- 
tudinal bulkhead without support on the other 
side (Fig. 33 (a)). 


H. Knife-edge effect has produced a fracture 
at the top of a ‘tween deck bulkhead where the 
load from longitudinal deeckhouse sides crossed 
the line of bulkhead with welding above and 
below. A similar effect was caused by a deck- 
house side crossing a toe welded beam just clear 
of the end of a tonnage bulkhead (Fig, 34). 


J. Failures have been noted in the shallow 
webs of tankers where the toe of the bracket to 
the bottom transverse ended. It will be noted 
from Fig. 35 that notehes for longitudinals 
aggravated the effect. As in one case such a 
fracture was associated with a similar fracture 
in the transverse on the ship’s side, it is sug- 
gested that racking, associated with the hard 
point at the bracket toe, may be the cause. 


Recently similar fractures have been noted at’ 


the corresponding point under the deck, marked 
"in Fig. 5 (a). It is thought that this 
strengthens the theory that racking is the cause, 


insufficiently resisted by the relatively narrow, 


slotted webs where the breakdown from the 
corner bracket occurs. In this design fractures 
have also oceurred in the longitudinal bulkhead 
where the top of the bottom transverse bracket 
abuts the bulkhead. The heavy face plate on the 
transverse is welded to the bulkhead, and it 
"seems evident that this forms a hard point. It 
is very common, particularly in cases where a 
yard foreman or workman acts on his own 
initiative, for heavy face plates running down 
the face of a bracket to be welded to the adjacent 
bulkhead, the idea being that the strength of 
the end attachment of ‘the girder is much in- 
creased. This is no doubt true, but at the 
expense of producing an extreme hard point on 
the bulkhead plating which induces cracks. It 
is suggested that these heavy face plates should 


always be sniped back as shown, the bracket 
depth providing sufficient strength. 


K. Fig. 36 is a warning against too rigid 
following of riveted construction. On exactly 
similar riveted rudders the corner corresponding 
to that where the fracture is indieated in the 
welded type was sharp and had no doubling. 
No fractures have been reported in the riveted 
rudders, but welded rudders have fractured in 
more than one case. The doubling fitted as a 


. repair in the first case also had a sharp corner 


and this fractured. 


L. The fractures in Figs. 36 (a) and 36 (b) 
may be due to too much welding. The case 
represented by Fig. 36 (a) will be seen to have 
a very large amount of welding on the shell in 
the vicinity of the fracture, the double bottom 
under the motors. . : 


M. Fig. 36 (c) is of a case where scallops 
would have prevented a fracture spreading 
seriously from hatch side stiffeners to the hatch 
side itself. 


The above fractures have been relatively in- 
frequent, and from a scientifie point of view 
are not sufficient to provide proof of the 
assumptions. It is, however, thought that some 
conclusions may justifiably be drawn, none of 
them new, but confirming the findings of various 
bodies which have investigated the problem of 
the welded ship, and particularly underlining 
the valuable recommendations published by the 
Admiralty Ship Welding Committee. These 
conclusions, together with some other points 
which occur to one after some time spent among 
the classification drawings and the yards of the 
progressive shipbuilding industry of Sweden, 
may perhaps be summarised as follows :— 


1. The main dangers to welded vessels, excluding 
steel questions now being investigated else- 
where, are noteh effeet and hard points. 

All openings in the structure should have as 

large radius corners as practicable, ineluding 

slots for frames and longitudinals. 

3. Particular care should be taken with the 
sequence of welding at points of natural stress 
concentration, It should not be lost sight of 
that not only is the corner of a hatch a 
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sudden alteration of breadth of deck plating, 
but the end of the coaming is a hard point 
on the deck similar to a deckhouse end, but, 
of course, to a much less extent. 

4. Bracket toes should not end on a_ panel 
without backing, but, if this is unavoidable, 
the bracket should be hollowed out. Heavy 
face plates on brackets should not be welded 
to the plating to which the bracket is welded. 


5. Fittings should not be welded to the top 
of the sheerstrhke. Care should always be 
taken in welding on fittings, the quantity of 
welding should be as small as possible and 
should be carefully finished at the ends. 


6. Bulwarks should not be welded to the top 
of the sheerstrake. 


=] 


Knife-edge crossings at points of loading 
should be avoided; the load should he spread 
by small brackets. 


8. The junction of two welds at right angles 
tends to contain porous material. This is 
evidenced by the fact that in testing welded 
vessels most leaks occur at these points, e.g., 
where the butt weld on a bulkhead meets the 
boundary weld. 


9. Distortion is reduced by the use of high 
currents and large diameter electrodes. Dis- 
tortion in the whole hull is less as the sizes 
of prefabricated sections increase. 


10. Long runs of welding should not proceed 
towards a corner or up to a point where a 
butt and seam join. It would seem‘that the 
stress induced in welding must inerease in 
the direction of welding so that the higher 
stressed end of a weld should not come at a 
. corner (a likely notch effect) or at the finish 
of a previous weld (already a point of higher 
stress), Nor should an electrode require to 
be changed at such points. 


It might be remarked here that two fairly 
severe damages to all-welded vessels resulting 
from fire during fitting out have been repaired. 
In one case five shell plates amidships were re- 
newed; in another case the whole of a second 
deck in way of No. 3 Hold was renewed, 
approximately at the half-length forward. In 
neither case does the insertion of such a large 
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amount of material into a tied area appear to 
have caused trouble, since no report of any 
failures with has been received. 
This goes far to support the Admiralty Ship 
Welding Committee’s report on residual stresses. 


these vessels 


One last point. It has been shown that con- 
siderable saving in weight can be effected in the 
double bottom, framing, &e., with proportionately 
less in the decks due to longitudinal strength 
considerations. This has the effect of raising 
the centre of gravity of the vessel, and it has 
been found that the breadth of welded vessels 
may require to be increased to provide sufficient 
metacentrie height. 


No opinion on the relative cost of riveted and 
welded vessels can be put forward. Demand 
for ships is so great at present that many orders 
now being fulfilled were placed more on delivery 
date than on price. The following facts provide 
food for thought, however. Swedish prices for 
ships are considerably lower than British in 
spite of the faets that :— 

(a) the standard of living of the Swedish 
shipyard higher than at 
home; 


worker is 


(b) Swedish yards purchase quantities of 

British and American steel and auxili- 
presumably paying the same 
price as British yards; 


aries, 


(c) taxation is not low in Sweden. 


Demareation of trades is, however, very much 
less than in Great Britain. 


Tn conclusion, may T express my acknowledge- 
ments to Messrs. Eriksbergs Mek. Verkstads 
Aktiebolag who provided the excellent photo- 
graphs; to the same. firm, Messrs. A/B. 
Gotaverken and other yards who placed much 
information at my disposal, to the individuals in 
these firms with whom I have consulted, and also 
to my colleagues the Society who have 
willingly let me have any information and help 
I have asked for. It is hoped that an interesting 
and valuable discussion will result. 
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DISCUSSION ON MR. H. J. ADAMS’ PAPER 


on 


NOTES ON WELDING IN SWEDISH 


MR. S. TOWNSHEND. 

Mr. Adams is heartily congratulated on the 
excellent record that he has given the Staff 
Association of the developments in and the 
present position of electrie welding in Sweden. 
His contribution represents an immense amount 
of work not only in preparing the numerous 
interesting and useful sketches but also in 
collating much information and many divergent 
practices into one paper and he has covered 
his ground very thoroughly. 

Electric welding was well established in 1931 
in Swedish shipyards for making and securing 
details and fittings and as a substitute for water- 
tight collars and caulking. There existed, 
however, a strong desire to extend its use, 
especially in view of the satisfactory progress 
that had been made in branches of engineering 
outside marine work. 

‘Messrs. Kockums Mekaniska Verkstads A/B., 
Malm6, gained valuable experience in a small 
tanker of the coasting type which they built in 
1933 for the Swedish Government and in which 
the decks and bulkheads were welded. The 
workmanship and the service results were very 
satisfactory and by the beginning of 1935 these 
builders were ready for heavier work and pro- 
posed to construct a large ocean-going tanker 
in which the butts of the plating of the shell, 
deck and longitudinal bulkhead ; 
electrically welded. 


were to be 

About the same time one of the Gothenburg: 
builders, in agreement with the owners, con- 
structed a complete all-welded oil-tight bulkhead 
in a tanker and its cost and subsequent behaviour 
were compared with its riveted twin at the other 
end of the tank. Early in 1936 the Gothenburg 
yards turned their attention to the welding of 
butts of plating in members of primary strue- 
tural importance. 


SHIPBUILDING. 


The advantages of welding in oil-tight work 
became obvious and, in 1937, Messrs. 
Kockums submitted plans for their first large 
all-welded tanker, a vessel 500 feet long. This 
tanker was satisfactorily completed at the begin- 
ning of 1940. The long time between approval 
of plans and completion is a normal feature in 
Swedish yards which seem always to be very 
full of orders. It was not, in any way, a 
reflection on the new method of construction 
which proceeded satisfactorily and free of 
trouble. 


SOO! 


It may be well to point out that prior to 
the war Swedish builders were not under any 
political or economic pressure to push on with 
electric welding. On the contrary, no new or 
unusual feature or detail of construction was 
introduced into a ship before its counterpart 
had been successfully assembled and built in the 
shop. The training of first-class welders, in 
general, proceeded in advance of the demands 
for their services. Developments have therefore 
been natural and not forced as they were in 
other countries during the war. In these cir- 
cumstances it can be understood that Swedish 
builders have been able to produce high quality 
work unhampered by emergency influences. The 
advent of the war and the subsequent shortage 
of steel compelled them to save weight and this 
naturally focussed attention on all-welded con- 
struction, but the yards had already established 
their basie experience and subsequent expansion 
was therefore not beset with much difficulty. 


The blockade of Sweden during the war had, 
however, a two-fold effect upon the development 
of electric welding. It denied Swedish owners 
the opportunity of sending out most of their 
new all-welded vessels to obtain experience of 
their behaviour at sea until several months after 
the end of hostilities in Europe and it prevented 


the rapid ingress of details of the experience 
that had been obtained on the very large number 
of all-welded ships that built in 
America. Because of this a few of the earlier 
all-welded ships built in Sweden have certain 
features incorporated in their design that had 
been found unsatisfactory in the American built 
ships. As might be expected, and as pointed 
out by the Author, these features have subse- 
quently been the cause of trouble. 

The question as to whether the future ship 
shall be all-welded or not is one that exercises 
many minds in Sweden. Shipyards that are 
also repair yards (and they are all so in Sweden), 
will, for many years to come, have to deal with 
riveted ships and will therefore have to train 
and retain riveters. This factor, which is 
scarcely a technical one, will no doubt influence, 
to some extent, the amount of welding in new 
work even in those cases where the yard is laid 
out primarily for all-welded construetion. The 
judicious use of riveting in certain parts of the 
structure facilitates erection and fairing and, 
as pointed out by the Author, is more economical 
than welding. A common view is that all-welded 
construction for oil-tight work will pre-dominate 
but that for other work there will be a greater 
or lesser amount of riveting depending upon the 
amenities of the particular yard and the personal 
views of the owner. 


had been 


Some Swedish owners have arranged that an 
electric welding unit shall form part of the ship’s 
equipment and that there shall be at least one 
qualified welder in the personnel on board. This 
arrangement has, on one occasion, been the 
means, possibly, of saving the loss of the ship. 
The vessel, fully loaded, encountered a very 
heavy storm in the North Atlantic in mid-winter. 
Arising from a notch effect the upper deck 
sheerstrake and stringer plate fractured on one 
side. The ship was put about on an easier 
course, the welding unit was coupled up and the 
Chief Engineer repaired the erack in the stringer 
plate and fitted temporary reinforcement to 
the sheerstrake. The vessel was then navigated 
to the nearest port where the fracture in the 
sheerstrake was welded and some finishing 
touches were added to the stringer plate. The 
voyage was thereafter resumed to Sweden, where 
permaneut repairs were carried out. The arrange- 


to 


ment of having a welding unit and a qualified 
welder on board could be of immense value if a 
ship were to suffer a structural mishap in some 
out-of-the-way place. 


There are one or two details not mentioned 
by the Author which might be referred to. In 
some eases the welding of the shell has proceeded 
simultaneously from the bottom upwards and 
from the top downwards, the bilge strake being 
welded as a closing strake. There is no undue 
restraint in this procedure and the tendencies of 
the bottom to rise and the top to fall counteract 
each other whilst the bilge plating can be 
templated very accurately as a closing strake. 
Some of the smaller yards have successfully 
adopted this method. 


Troubles have been met with in keel plates 
and centre girder when docking all-welded 
tankers in which water ballast has been retained. 
The knife-edge support of the centre girder and 
transverses or longitudinals has been insufficient 
to prevent indentations in the keel plate in way 
of the docking capping pieces. In most cases 
the thickness of the keel plate had beén reduced, 
as permitted, on account of increased breadth. 
This experience seems to indicate the desirability 
of maintaining the tabular thickness of tanker 
keel plates but, on the other hand, broad keel 
plates are an advantage in welded construction 
and to maintain the thickness means extra and 
unnecessary weight. A compromise has been 
obtained by placing the adjoining longitudinals 
about 18 ins. on each side of the centre girder 
in association with the usual spacing of docking 
brackets. Owing to the local concentration of 
weight in the machinery space of ordinary cargo 
vessels some owners are specifying small docking 
brackets for supporting the keel from the centre 
girder between each floor below the machinery. 


One advantage of the scallop system is that 
by varying the spacing of the scallops it may be 
possible to reduce the number of different fillet 
sizes to the minimum of one in certain parts of 
the structure. This is an advantage both to 
the yard, the welder and the surveyor. For 
example, Type 2 weld with wider spaced scallops 
might with advantage be used for connecting 
the floors to the shell on the flat of bottom 
forward and to the tank top in the engine space. 


MR. J. HODGSON. 


The Author has undoubtedly given us a very 
valuable paper. He not only gives us all the 
facts from a country always well advanced in 
welding,/but greatly enhances the interest of the 
paper by giving many of the reasons. 


The problem of finding the best compromise 
between the various baffling technical factors 
and conflicting economic interests involved in the 
design and building of an all-welded ship still 
requires much study and further experience. 
Mr. Adams has made a most useful contribution 
to the solution and I hope there will be a wide 
and equally useful discussion. ; 


Failures in welded ships, though not perhaps 
proportionately numerous are often serious and 
alarming. The probable causes for such failures 
are known but their relative importance by no 
means established. 


I agree with the view that welded ships are 
more susceptible to stress concentrations and will, 
I think, remain so as long as ductility in way 
of a weld is inferior to that of the parent metal. 
Such hard regions of low ductility, particularly 
at points of discontinuity, must interrupt the 
required stress dissipation and smooth adjustment 
of the structure under high or sudden stress 
concentration. 


Furthermore, for the same reason a fracture 
is likely to commence very suddenly and therefore 
propagate more rapidly. This is possibly the 
most important difference between a welded and 
a riveted ship, 


The cure is, of course, more ductile welds or 
tougher material. The latter is easier of attain- 
ment and modifications to analysis specifications 
for steel are now being advocated as a solution, 
and a tremendous amount of research is being 
done on this aspect of the problem. 


There will be general agreement with the 
Author that it is not possible to over-emphasize 
the danger of a combination of residual stress, 
stress concentration and notch effect, which 
should always be kept in mind in welding design 
and procedure and the summary of the known 
precautions on pages 22 and 23 of the paper 
should be heeded. 


The question of residual stress should not be 
minimized and it should be obligatory on builders 
to adopt procedure and sequences calculated to 
reduce this to a minimum. Notch effect in 
design can, with care, be considerably reduced 
as indicated in several parts of the paper but 
only with extreme care and close attention can 
it Be avoided in welding practice. Craters, 
undercut and rough welding are all notches and 
it may well be worth while to buff rough welds 
at critical points in the structure. 


A potentially serious notch often more real 
than apparent is small surface contraction cracks 
in long welded seams and I think numerous 
X-Ray films of such seams would in many cases 
be instructive if not disquieting. 

The paper is so exhaustive one must curtail 
comment, but there are one or two details to- 
which I would like to refer :— 

CorRuGATED BuLKHEADS IN TANKERS.—The 
Author’s remarks about the webs on horizontally 
corrugated bulkheads in tankers in the left-hand 
column on page 8 is pertinent because the most 
recent experience shows that his proposed ver- 
tical stiffening (Fig. 7 (d)), is very necessary 
and should be heavy enough, also lightening holes 
should be eliminated. Referring to his remark 
on the same subject at the top of page 9, 
experience is showing that too much flexibility 
between deck and bottom is anything but advan- 
tageous. 

‘he arrangement shown in Fig. 9 (d) for 
fabrication of these bulkheads has been very 
successfully adopted over here using automatic 
machine welding with an initial back run by 
hand, but the troughs have to be carefully 
flanged and accurately jigged and dogged on the 
welding skids, especially if unionmelt is used. 
With unionmelt a save-all strip is tacked along 
the top of the sloping side of the trough to hold 
the flux powder. 

The connecting of brackets to the flat panels 
of these bulkheads will have to be avoided; they 
should be kept near the knuckle or some backing 
provided in all eases. 

A factor in the adoption of corrugated bulk- 
heads in tankers which may intrude upon 
owners later is the probability of a shorter life, 
lack of repair facilities and higher costs. 


GENERAL DrEsiGN OF TANKER STIFFENING.—The 
continuous arch form of web in Fig. 5 (b) or 
the rounded corner design of 5 (a), are, I think, 
much superior to the more common practice of 
straight flanged brackets from the trouble-free 
point of view, although they may involve a 
greater first cost. 

Flanged plate longitudinals now necessary for 
strength in the larger ships are likely to have 
a much shorter life, but will be replaced in the 
near future by special rolled sections of the form 
shown in Fig 3 (b). 

LONGITUDINAL FRAMING IN DousLEe Borroms.— 
The remarks at the bottom of page 18, that there 
is a feeling in Sweden that longitudinal framing 
is a help for prefabrication, are interesting and 
heartening because latest experience, as reflected 

‘in a recent cireular, definitely shows that longi- 
tudinal framing is very much to be desired on 
an all-welded bottom. With transverse framing 
and floors welded to the shell, the fillet welds 
tend to give an initial upward deflection to the 
plating and this, together with the absence of 
overlap seams and clamping effect of frame 
angles renders the plating very much less able 
to resist local buckling under service conditions. 


Fusarc Wenpine.—The Author will be in- 
terested to know that this is being increasingly 
used over here on the berths particularly for 
bottom and deck seams. JI would recommend 
him to have the reinforcement pared off ocea- 
sionally to examine the weld underneath for 
porosity and blow holes. From my own initial 
experiences, this machine requires very frequent 
and regular servicing by yard personnel to ensure 
that the feed of the eleetrode runs smoothly 
and the correct feed rollers are being used, also 
that the advance and feed mechanisms are 
correctly adjusted. Mention of the following 
experience in one yard might be useful. 

After trial it was decided for seams of bottom 
plating to adopt the upper edge preparation as 
shown in Fig. 11 (a), the bottom edges being 
champfered for two initial back runs of over- 
head hand welding. It was found essential to 
clean the top of the back run with a windy 
chipper before machine welding. Much the same 
preparation was adopted on the deck except 
there was a small gap instead of bottom edge 


champftering where seams were fitted on longi- 
tudinal flanges. The welds were of good 
appearance and considered very satisfactory 
until a bit of the reinforcement was chipped off 
the machine weld, then it was found that every 
inch or so along the weld there was a vertical 
blow hole extending from the back run to just 
under the top reinforcement. 


It was winter-time and the probable reason 
was that although the welding vee looked clean 
and dry, frost in the plates had thawed out 
under the welding and the resulting vapour, 
trying to escape upwards, was trapped and 
sealed in by the weld metal. This probable 
cause was demonstrated later, on the deck, by 
passing a burner along the underside of the 
deck longitudinal after the weld gap had been 
apparently thoroughly dried by the sun—the heat 
caused a continuous emission of vapour bubbles 
into the weld gap. The same might possibly 
oceur, of course, with an ordinary large diameter 
electrode. 


Subsequent trouble from this cause was 
avoided by running the burner along the under- 
side of all weld gaps before welding to ensure 
the complete elimination of moisture due to 
frost or rain. 


MR. J. S. ORMISTON. 


This is a splendid paper, factual to a degree 
and one which the Staff Association is much to 
be congratulated in having among its Trans- 
actions. 


In the Editorial Notes reference is made to 
profiles for welding. One of the best sections 
I have seen was a bulb plate of German manu- 
fracture, used in Italy shortly before the war and 
so far as I can recollect—a good range of sizes 
were obtainable from five inches up to ten inches 
and with high I/Y values. Bulb sections are 
always preferable, I think, to Tee or flange 
sections. 


I congratulate the Author on the good point 
he makes on page 1 regarding the danger of 
combination of residual stress, stress concen- 
tration and notch effect. To this I would add— 
of rigidity. 


I agree—from experience—with the Author’s 
remarks in the left-hand column on page 7 
regarding riveted and welded deckhouses. 

Referring to riveting and welding of frames 
and shell plating dealt with on page 7 I would 
ask the Author if he has experienced any 
difficulties in ships having welded side shell 
seams with riveted heavy and deep side frames. 
I refer to the large amount of bolting required 
in the shell flange of the frames to keep these 
faying against the shell during and after the 
welding of the shell seams. 

On page 8 the Author writes cautiously of 
the contribution to the longitudinal strength 
made by corrugated longitudinal bulkheads. No 
doubt horizontally corrugated bulkheads should 
make a greater contribution than vertically 
corrugated bulkheads which ean afford little if 
any help, but I would say closely spaced vertical 
webs would be necessary for such bulkheads to 
contribute appreciably at all to the longitudinal 
strength. 

I am rather inclined to agree with the 
Author’s remarks on page 8 regarding the 
welding of stringer plates to sheerstrakes, and 
congratulate him on his courage for his remarks 
thereon. 


On page 9 the Author says the sniping of the 
ends of stiffeners is a popular feature in Sweden. 
I presume he is referring to ’tween deck bulk- 
head stiffeners without end connections, but 
perhaps he would clarify the point—sniping the 
ends of free-ended stiffeners in the top ’tween 
decks of W.T. bulkheads is of course by now 
an old practice. 


Again, on page 10, under the title “Corrugated 
Bulkheads,” I am not .a_ bit surprised that 
cracking took place where shown in Fig. 8 (b), 
Cracking could probably have been avoided if 
a flat bar say about two feet long (that is 
one toot above and one foot below the bracket) 
had been fitted at right angles to the plane of 
the “bracket to reduce span,” welding the flat 
bar to ihe outer end of the bracket where the 
latter meets the transverse bulkhead and to the 
bulkhead plating with the ends of the flat bar 
suitably sniped. Apparently, however, the two 
brackets (or diaphragms) shown in Fig. 8 (ce) 
gave satistactory results. 


We tpinG Drrarts.—Would the Author tell us 
whether with the U-joint shown in Fig. 10 there 
is much distortion or not? Also, were deep 
penetration electrodes used with the 40° vee 
preparations shown in the sketches of Fig. 
10 (c)? 

From experience I think the procedure 
suggested on page 13, namely, a root run put 
in by hand with a deep penetration rod prior 
to using the Fusare electrode, should give good 
results. 

I do not like the arrangement shown in 
Fig. 12 (d), namely, the vertical flange of the 
frame and reverse inverted angles should, I 
think, be eut down in way of overlap on bracket 
floor plates as in Fig. (e), so that the bracket 
floor plates may be properly welded to the shell 
and inner bottom plating, and the frame and 
reverse to the bracket floor plates. 

Regarding Fig. 15 referred to on page 14, 
incidentally I think care should be taken to see 
that the support moment for a centre span 
greater than the wing spans is taken care of 
by additional material to outboard side of the 
deck girder if the beam seantlings are reduced 
on outboard side of the girder. 

In Figs. 16 and 17 heavy material is shown 
welded to much thinner material without tapering 
the edge of the former. Is this usually done? 
Perhaps the Author would tell us. 

The difficulty referred to on page 14 with 
doublings on inner bottom plating ean be sur- 
mounted by removing the centre portion of the 
doubling where hollow pillars are fitted. 

The buckling of expanses of deck plating from 
direct sunlight is not unknown. TI remember 
seeing this ‘several years ago on decks of large 
passenger vessels building in Italy. On a hot 
sunny afternoon I have seen a large area of 
deck plating with the rivet holes partially blind. 
These had to be riveted up in the early morning 
before the sun got power—and of course the 
sun shines equally on welded or riveted structure 
alike. 

I am much interested in the paragraph mid- 
page 20, left-hand column, on the waviness of 
all-welded shell plating, and cannot resist asking 
the Author if he would tell us what “slight 
waviness” may amount to. 


On page 21 the Author mentions welding 


operations in cold weather. I have some ex- 
perience of this and it worries one a bit when 
it has to be faced. 

The fractures experienced in bulkhead plating 
at the ends of brackets is certainly due to lack 
of support at the bracket end and is an old 
phenomenon met with, for example, in fractures 
in shell plates at the outer ends of the horizontal 
brackets formerly fitted each side of the ordinary 
W.T. bulkheads—if these brackets had been 
connected to the adjacent frames the trouble 
would probably have remained unknown. 


It is noticed in Fig. 4 (b) that the side frames 
in the second ‘tween decks are apparently 
welded to upper side of third deck stringer and 
to under side of second deck stringer. What was 
the Author’s experience here? I should imagine 
there might be quite a few filling-in pieces 
required so that those frames accidentally cut 
short could be welded at their ends to the deck 
stringers—a trouble more than one of us have 
encountered. 

I would again thank the Author most heartily 
for this fine paper. 


MR. J. M. MURRAY. 


Some further information on the following 
points would be appreciated :— 


1. Scattops.—It is stated that the view has 
been expressed that distortion is caused to a 
somewhat greater extent by seallops than by 
intermittent welding. Could the Author state 
whether he has noticed a greater corrugation of 
bottom shell plating when scalloped floors are 
welded directly to the shell plating than when 
intermittent welding is used? 


2. CorruGaTEep BuLKHEADS.—Bulkheads with 
rounded corrugations seem to have certain ad- 
vantages. This form of construction is not 
mentioned in the paper, although it has been 
used in Sweden. Could the Author comment 
on this? 


3. On page 23 the Author comments on the 
difference between Swedish and British prices, 
and it has been stated that, generally speaking, 
Swedish ships are perhaps 20 per cent. cheaper 
than British ships. The Author points out that 


many of the main factors governing the price 
of ships do not work to the advantage of Sweden. 
The other factors entering into the matter are 
shipyard organization and management, and out- 
put of work per hour. Does the answer lie in 
these latter considerations? 


MR. H. P. URWIN. 


Mr. Adams is to be congratulated on his most 
interesting paper on welding which I feel sure 
will be of much benefit to all members of the 
Association. His conclusions on points to watch 
in welding design (page 22) are concise and 
cover the main dangers to be avoided, item 7, 
t.e., the fitting of small brackets at knife-edge 
crossings at points of loading especially in way 
of pressure tank bulkheads requiring particular 
emphasis. 


In the main layout of the yard the builders 
are installing combined shearing and planing 
machines. Would the Author give his experience 
with these machines in preparing edges for 
union-melt welding where a close fit is essential? 
In the yard which I attend planing machines 
are being replaced by flame eutting machines. 
These flame cutting machines are accurate tc 
10/1000 in., only requiring checking say every 
three months with means of adjustment built 
into the tables, whereas planing machines over 
two years old have given as much as 7/32 in. 
error in a normal 33 ft. length plate, which 
though permissible for Fusare welding machines 
is unacceptable for union-melt welding. 

The Author states that deep penetration 
electrodes are being used by hand in straight 
edge preparation buttwelds of prefabricated 
bulkheads and decks (page 11) which can be 
turned over for the second run, Would the 
Author say whether he approves of this practice? 
I hope the answer is no, as I consider this 
practice gives unsatisfactory results, and I would 
go so far as to say that the Society should 
discourage it in the Welding Rules and confine 
deep penetration electrodes to edge preparations 
which are known to give consistently good 
results. A good sample etching is shown 
(Fig. 2) which I agree can be obtained but I 
have seen many samples which have been etched 
longitudinally through the weld which have 


annette 


shown inconsistency of penetration, showing as 
much lack of interpenetration of the two runs 
This lack of inter- 
penetration of the two runs is surely to be 


as there was penetration. 


expected when the penetration is governed by 
the raté of travel and the alignment of the two 
runs of welding, which when carried out by 
hand welding, is dependent on the operator. 
T am told the manager of one shipyard, not 
in this district, who much favoured this method 
of welding, has become worried since seeing 
samples of this work under X-Ray. 


On page 8 Mr. Adam discusses the merits 
of welding the stringer plate to the sheerstrake. 
For a strength deck connection T still feel that 
the riveted stringer angle would at least act as 
a erack arrestor and IT am surprised at the 
assertion that there is no slip in riveted joints. 
Would the Author say whether he is finding much 
lamination in the present ship steel? There is 
certainly a fair proportion in this country, 
probably no more than there has always been, 
but welding is probably bringing this to the 
notice of the Surveyor. In this connection the 
method of connecting the transverse bulkhead 
to the shell (Fig. 6a) and the arrangements of 
welding the sheerstrake to the stringer (centre 
sketches Fig. 11) might, if lamination in the 
plates were present, start the notch effect which 
it is agreed should be avoided. 


On page 11 the Author gives various examples 
of welding connections whieh are illustrated by 
sketches. While agreeing that for downhand 
position 50° vee gives reasonable results for 
butt welding, specimens which have been X- 
Rayed show that for vertical and overhead 
welding a 60° vee and even better a 70° vee 
gives much superior results and I would be glad 
if the Author would remark on this. T note 
one builder has given up the shelf welding as 
illustrated in 10 (b) for side shell seams, which 
I can understand, as this type of welding does 
not give consistently good results. 

In conclusion, may I venture one criticism 
as regards design. Under welding details the 
Author shows one method of strengthening hatch 
corners by using thick insert plates. This type 
of re-entrant butt weld where thick plates are 
involved is fundamentally wrong, giving rise 
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generally to cracks in the weld or weld zone, 
and should be avoided in design if possible. 
This arrangement together with the sharp corner 
may have been a contributory factor in the 
failure as illustrated by sketch 27 (a). Design 
faults again oceur at Figs. 28 and 30 where 
the seatings end on “soft” spots. If there is 
any deflection of the plating between the beams, 
a concentration of stress will occur in the welding 
at the ends of the seatings which may cause a 
fracture. If a welded flat bar had been fitted 
under the deck between the beams this trouble, 
I believe, would have been averted. 


MR. H. R. GIBBS. 


Mr. Adams has given us very valuable in- 
formation on the adopted procedure for the 
construction of all-welded ships in a country 
which is famous both for its pioneer work in 
connection with electrie welding for ship repairs 
and new building and for the quality of its 
produets. 


On reading through the paper I was struck 
by the multitudinous welding operations now 
necessary before a modern all-welded tanker is 
finally completed. Deck and bottom longi- 
tudinals are now welded direct to the bulkheads 
or cut at and attached to the transverses and 
continuity generally appears to be lacking when 
compared to a riveted tanker. The question of 
systematic control and sequence, as admitted by 
the Author on page 15, must be difficult if not 
impossible to apply. In the ease of bottom 
longitudinals to be welded direct to a bulkhead 
or transverse, apart from troubles in ensuring 
perfect alignment, these vertical welds are 
most difficult to make in an efficient manner 
in such a confined space, and good fitting is 
essential but very difficult to obtain. 


The modern tendeney for scallops also ought 
to be treated warily by owners and . designers, 
particularly with regard to the ultimate effect 
of corrosion. In the case of a recent submission 
the scalloped deck longitudinals were of 8 & 4 
inverted angle with a web thickness of -40, out 
of which are taken scallops 6 ins. X 3 ins. 
One wonders what the effects of both erosion 
and corrosion will be like after a few years of 
carrying light oils. 


Similarly the upper strakes of corrugated 
bulkheads will present a most difficult problem 
for repair. When extensive renewals are 
necessary will the vessel havé to return to her 
original builders who presumably will be the 
only ones able to fabricate the particular type 
of corrugation required? If corrugated bulk- 
heads are to become normal practice a standard 
size of gorrugation would appear to be the 
solution. 

I would like to add my thanks to Mr. Adams 
for the most instructive paper. 


MR. T. P. GIBBESON. 

In connection with the use of sealloped 
welding attachments, I would like to ask the 
Author if the advantages claimed for this method 
are fully justified. It would appear that con- 
siderable time, labour and hence cost must be 
entailed in marking off and punching out the 
scallops. Even taking into account the saving 
in weight, there is bound to be a certain amount 
of distortion and I fear that corrosion of the 
plate is going to be inereased rather than 
eliminated as a greater amount of plate edge 
is exposed to attack. 

I agree with the Author that welded engine 
seatings have given every satisfaction and this 
method of construction, not only for main but 
for all auxiliary machinery as well, is now being 


generally adopted. The effects of vibration at 
critical speeds is a fair test on any fabrieated 
structure and it will well justify a little extra 
care being taken to see that the welding is of 
a ligh standard. 

Adequate protection for welders when working 
on the berths seems to me to be a problem 
which should be given the utmost consideration. 
A eanvas covering is poor protection against a 
biting wind or driving rain. A man ean hardly 
be expected to do an efficient job when working 
under such conditions. 

The system of inspection of the welding and 
the training of the welder and the testing of 
his work indicates that every endeavour is made 
to keep the welding up to a high standard. 

The “Rontgencentralen” or travelling X-Ray 
unit must be of great assistance in bringing 
first-class equipment and trained personnel 


. straight to the job and getting expert advice 


and opinions right on the spot. The expense 
involved if each firm had to supply their own 
unit and staff would no doubt be quite con- 
siderable. 

In conclusion, I would like to thank the 
Author for a most interesting paper which 
really requires to be studied to be thoroughly 
appreciated, and the time and thought he must 
have given in its preparation have not been 
been wasted. 


AUTHOR’S REPLY. 


IT should like to thank all the contributors for 
the kind way in which the paper has been 
received and for some useful information which 
has been provided. Mr. Townshend has filled 
in some interesting and important details and 
added some valuable information, particularly 
in respect of the docking of tankers. The 
advantage he mentions with scalloping, that of 
reducing the number of different fillet sizes is 
most valuable both from the point of view 
of economy and also of workmanship. Mr. 
Townshend’s notes on the development of 
welded ships in Sweden clearly show how the 
relatively rapid progress has yet heen made in 
a natural and circumspect fashion. 


It is agreed with Mr. Hodgson that much 
study and further experience is required to assess 
the value of the all-welded ship. The extensive 
researches at present being carried out on the 
quality of steel are most important, but as 
Mr. Hodgson points out it will always be 
necessary to remember the dangers of notch effect 
in welded ships, even when more ductile steels 
are evolved. The notch effect caused by craters, 
undercut and rough welding is very real and it 
is considered well worth while to buff all rough 
welds at critical points. It is valuable to know 
that experience is showing that flexibility be- 
tween deck and bottom may become dangerous. 
As regards the life of the corrugated bulkheads 


only time will solve this problem. The question 
of deflection of the bottom plating in all- 
welded vessels is well to the fore at present, 
and as such deflections have been found in 
vessels with riveted floors, the shell butts and 
seams being welded, it is thought that the 
omission of overlap seams may be a vital factor. 
These seams must have had great stiffening 
effect in riveted vessels. The remarks on fusare 
welding are interesting and valuable. The 
Author has not had personal experience of the 
blow holes mentioned but enquiry at one of the 
yards shows that they have been experienced. 
They were not attributed to dampness but 
possibly to too high a speed of travel of the 
electrode. It is understood that the Fusare 
Company are investigating this problem and 
that it is thought too high voltage may be the 
cause. The potentiometers are believed to be 
unreliable after some time and an_ incorrect 
voltage reading may be given. Blow holes due 
to dampness can be avoided by using a smaller 
diameter electrode with consequent reduced 
speed of travel. 

Mr. Ormiston supports the bulb section and 
it is agreed that its symmetry gives it an 
advantage over the flanged plate and its weight 
an advantage over the present heavy American 
tee bars. Its only deficiency is the question 
of overlapped brackets. No difficulty has been 
experienced in faying heavy frames against the 
shell but the Author has not yet had much 
personal experience of riveted frames in large 
prefabricated shell panels. In piece-by-piece 
erection the frames are well bolted to the plating 
before the latter is welded. Bracketed stiffeners 
are frequently sniped in Sweden and one yard 
snipes the flange away and welds only the web 
to the crossing plate or stiffener. About 50 
per cent. constraint is allowed for this if well 
backed up. The V-joint does not appear to 
give undue distortion but it is not popular due 
to the difficulties in edge preparation. The 
Author agrees that the arrangement shown in 
Fig. 12 (e) is preferable to that in Fig. 12 (d) 
and it is more usual. In the case of unequal 
beam sizes in Fig. 15 material is added to ensure 
continuity. The thick plating at the welds in 
Figs. 16 and 17 is not chamfered. It is probably 
unnecessary in Fig. 16 but the justification for 


Fig. 17 is that no trouble has been experi- 
enced, although it’ is agreed that chamfering 
appears preferable. Since writing this paper 
much attention has been directed to unfair 
bottom shell. The term “slight waviness” 
referred to deflections of 2-3 mm. between the 
frames, and after service the bottom shell figures 
were of the order of 6-7 mm. The Author 
inclines to the opinion that it is only the first 
welding on any particular part which is 
dangerous in cold weather as the later welding 
is proceeding into heated plating. In Fig. 4 
(b) the *tween deck frames are slotted through 
the decks and welded to the frames below. 


Mr. Murray raises three questions whieh are 
difficult to answer. Intermittent welding is 
rarely used in Sweden and comparison is 
difficult. From intermittent welding seen in 
Great Britain during the war it is not con- 
sidered that distortion is greater with scallops. 
It cannot be traced that bulkheads with rounded 
corrugations have been fitted in Sweden, al- 
though yards in Denmark have employed this 
design. The question of relative prices of 
Swedish and British built ships has been tackled 
by shipbuilders more qualified than the Author 
in this matter, and so far as is known no definite 
solution has been reached. Generally speaking 
Swedish yards are less cramped than _ their 
British competitors and organisation is probably 
The apprenticeship system as such does 
not exist and the proportion of skilled labour 
is almost certainly much less. It is probable 
that an accumulation of economies and not one 
factor reduces the price but the real test will 
come when orders are scarce. The Author is 
reluctant to express an opinion regarding output 
of work per hour, but has heard the opinion 
that it is greater here than in Great Britain. 


In reply to Mr. Urwin it is difficult to 
comment on the relative value of planing and 
flame cutting machines in plate preparation for 
union-melt, as the former have not been installed 
a sufficiently long time. Up to the present the 
planing machines have given every satisfaction. 
The remarks on the use of deep penetration 
welding by hand are noted with interest. It is 
felt that for cargo ship bulkheads no objection 
need be taken but for important strength con- 
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nections unqualified approval should not be 
given. Even with automatic welders the elee- 
trode occasionally strays from the line and as 
the quality of deep penetration welded joints 
depends on the interpenetration of the two 
opposite welds, the difficulty of ascertaining 
whether this has occurred easts some suspicion 
on tthe method. The question of attachment of 
deck to shell is disputable. While holding the 
views expressed in the paper the writer agrees, 
and has advised, that riveted stringer angles 
be fitted, but only beeause it is felt that up to 
now our progress in all-welded technique is 
limited. It is thought to be a confession of 
doubt in welded design. The Author shares 
Mr. Urwin’s surprise at assertions that there is 
no slip in riveted joints but it has been made 
on several oceasions in technical articles. It 
is fair to say our experience here coincides with 
that of Mr. Urwin regarding lamination of ship 
steel. Lamination has been indicated, not 
particularly at welds of the types shown in 
Figs. 6 (a) and 11, but at ordinary butt welds. 
As to angles of vee, double vee butts are rare 
except in keel plates at one yard. It is usual 
to lay only a single back run overhead in other 
cases and so far as is known no tests have been 
made to compare 50° and 60° vees for the over- 
head weld. It is not easy to strengthen a deck 
at the hateh corner without an insert plate 
which is considered preferable to a doubling. 
The corner must, of course, be well rounded 
and the larger the insert plate the better, thus 


avoiding concentration of welds around the 
corner. It is agreed that a flat bar welded 


under the deck would have prevented the frac- 
tures shown in Figs. 28 and 30 but these are 
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earlier ventures into welding and would not 
now be repeated. Mr. Gibbs raises the question 
of bottom longitudinals welded direct to bulk- 
heads and itransverses. This construction has 
been carried out on several vessels; the fitting 
was good, the quality of the welding good and 
while the space is confined for some of the 
welding the welders did not complain. No 
fractures have subsequently been brought to our 
knowledge at these points. The result of 
carrying light oils for several years in tankers 
with relatively thin stiffeners will no doubt lead 
to increased repair bills. If extensive repairs 
are required to Swedish tankers, they are, if 
possible, carried out by the builders of the 
vessel, so difficulties in repairing welded bulk- 
heads will be rare, although, of course, they 
may arise in emergency. 

The Author is not able to give cost com- 
parisons between scalloped and _ unscalloped 
stiffeners in reply to Mr. Gibbeson. It is, 
however, thought that while a greater amount 
of plate edge is exposed it is openly exposed 
for cleaning and coating while with inter- 
mittent welding the spaces between the welds 
will show more corrosion as the toe of the angle 
will hardly fay tightly the whole way. To the 
writer’s remarks in the paper on _ engine 
seatings it may be added that the floors under 
the thick plating are always eut proud, then 
chipped and buffed to the correet height and 
carefully tested for fairness before the thick 
plate is laid. This ensures a bearing fit and an 
excellent job. It is fortunate that as pre- 
fabrication increases the question of protection 
of welders will decrease. It 
thorny problem. 
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